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(54) Heterocyclic metallocenes and polymerisation catalysts 



(57) A new class of heterocyclic metallocenes, a 
catalytic systems containing them and a process for po- 
lymerizing addition polymerizable monomers using said 
catalytic system are disclosed; the heterocyclic metal- 
locenes correspond to formula (I): 



Y J R» | Z j) ,MeQ k P l 



(I) 



least one non-carbon atom selected from B, N, O, Al, 
Si, P, S, Ga, Ge, As, Se, In, Sn, Sb and Te; R" is a diva- 
lent bridge between the Y and Z groups;Z is a coordi- 
nating group, optionally being equal to Y; Me is a tran- 
sition metal; Q is halogen or hydrocarbon substituents; 
P is a counterion; i is 0 or 1 ; j is 1 -3; jj is 0-2;k is 1 -3; and 
1 is 0-2. 



wherein Y is a coordinating group containing a six n 
electron central radical directly coordinating Me, to 
which are associated one or more radicals containing at 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to new heterocyclic metallocenes and to catalytic systems forthe production of 
homopolymers and copolymers having a wide range of properties, including linear low density, high density, atactic 
isotactic and syndiotactic polymers. * 

^noLc? 0 ' 6 partiCU ' ar ' y ' th ' s invention relates t0 a new cl <*s of metallocenes containing at least one heteroatom in 
a ring system assocated with a six n electron central radical directly coordinating a transition metal, said metallocene 
being capable of polymerizing addition polymerizable monomers. 

BACKGROUND OF THE INVENTION 

[0003] Polymerization of vinyl monomers, both mono-olefins and conjugated dienes, has focused on transition metal 

stilTbv e a 77" 0, , Zie9 ' er f nd Natta " Th6Se Cata,yStS are based on a central transi *> n '°n "atom 
surrounded by a set of coordinating ligands and modified by various cocatalysts 

[0004] By controlling the nature of the ligand system, the central transition metal ion or atom, and the co-catalyst 
highly active catalytic agents can be made. In addition, catalysts can be made that yield polymers with high degrees 

ol ^addit.on regularity, and in thecase of non-ethylenetypemonomers,stereoregularortactioselectiveand/ortactiospe- 
cific polymers can be made. K 

[0005] U S. Pat. No. 3,051 ,690 discloses a process of polymerizing olefins to controlled high molecular weight pol- 
ymers by the controlled addition of hydrogen to a polymerization system that includes a hydrocarbon insoluble reacton 
product o . Group IVB, VB, V.B and VIII compound and an alkali metal, alkaline earth metal, zinc, earth mete! or rare 
earth metal organometallic compound. It is further known that certain metallocenes, such as bis(cyclopentadienyl) 
rtan.um or zirconium dialkyls, in combination with aluminum alkyl/water cocatalysts, form homogeneous catalyst sys- 
tems for the polymenzation of ethylene. «"»y»i 
[0006] German Patent Application 2,608,863 discloses the use of a catalyst system for the polymerization of ethylene 

ton 2,608,933 discloses an ethylene polymerization catalyst system including a catalyst of general formula (Cp) ZrY, 
where n ,s a number from 1 to 4 and Y is a hydrocarbon group or a metalloalkyl in combination with an alum numtriaS 
cocatalyst and water (Cp indicates cyclopentadienyl). ^ 
[0007] European Patent Appl. No. 0035242 discloses a process for preparing ethylene and atactic propylene poly- 
f7om 1„ / r 86 "? ahal09en ; free Zie 9 |er catal V st s y s, em of general formu la (Cp^MeY^, where n is an integer 
from 1 to 4^Me ,s a transition metal, especially zirconium, and Y is either hydrogen, a C r C 5 alkyl, a metalloalkyl group 
or other radical, in combination with an alumoxane. 

[0008] US. Patent No. 5,324,800 discloses a catalyst system forpolymerizing olefins including a metallocenecatalyst 
an a!u n m r o a xa 0 ne m " R " s (CsR ' m) ° r R " s MeQ ' where < C 5 R 'm> a substituted Cp group, and 

[0009] Polyolefins can be prepared in a variety of configurations that correspond to the manner in which each new 
monomer unit is added to a growing polyolefin chain. For non-ethylene-polyolefins four basic configurations are com- 
monly recognized, i.e. atactic, hemi-isotactic, isotactic and syndiotactic. 

configuratio 9 n iVen inCOrp ° mte regi ° ns ° f each confi 9urational type, not exhibiting the pure or nearly pure 

[0011] On the opposite polymers of monomers symmetrically equivalent to ethylene (i.e., the 1,1 substituents are 
identical and the 2,2 substituents are identical, sometimes referred to as "ethylene-like monomer*") can have no tac- 

[0012] Atactic polymers exhibit no regular order of repeat unit orientation in the polymer chain, i.e. the substituents 
are not regularly ordered relative to a hypothetical plane containing the polymer backbone (the plane is oriented such 
that the substituents on the pseudo-asymmetric carbon atoms are either above or below the plane). Instead atactic 
polymers exhibit a random distribution of substituent orientations. 

[001 3] Additionally, other type of catalyst belonging to the family of metallocene catalyst are the so-called "constrained 
geometry catalysts", where one of the cyclopentadienyl groups has been replaced by a heteroatom ligand such as an 
a T™ P h0Sph,n ° ani0n ' Such cata| y sts are described in United States Patents No: 5,453,410, 5,399,635, and 

[001 4] Besides metallocene catalyst that produce polyethylene and atactic polyolefins, certain metallocenes are also 
known to produce polymers with varying degrees of stereoregularity or tactiospecif icity, such as isotactic, syndiotactic 

TJ e ZT aC ,C P ymerS ' WWCh haVC UniqUe and re9Ularly repeati "9 stereochemistries or substituent orientations 
relative to the plane containing the polymer backbone. 
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[001 5] Isotactic polymers have the substituents attached to the asymmetric carbon atoms oriented on the same side, 
relative to the pofymer backbone, i.e. the substituents are all either configured above or below the plane containing 
the polymer backbone. Isotacticity can be determined through the use of NMR. In conventional NMR nomenclature, 
an isotactic pentad is represented by "mmmm" where each "m" represents a "meso" dyad or successive monomer 
5 units having the substituents oriented on the same side relative to the polymer backbone. As is well known in the art, 
any inversion of a pseudo-asymmetric carbon in the chain lowers the degree of isotacticity and crystallinity of the 
polymer. 

[0016] In contrast, the syndiotactic structure is typically described as having the substituents attached to the asym- 
metric carbon atoms, disposed pseudo-enantiomorphically, i.e., the substituents are oriented alternately and regularly 
10 above and below the plane containing the polymer chain. Syndiotacticity can also be determined through the use of 
NMR. In NMR nomenclature, a syndiotactic pentad is represented by "rrrr", wherein each V represents a "racemic" 
. dyad, i.e. successive substituents on alternate sides of the plane. The percentage of V dyads in the chain determines 
the degree of syndiotacticity of the polymer. 

[0017] There are other variations in polymer structures as well. For instance, hem i- isotactic polymers are ones in 
15 which every other pseudo-asymmetric carbon atom has its substituent oriented on the same side relative to the plane 
containing the polymer backbone. While, the other pseudo-asymmetric carbon atoms can have their substituents ori- 
ented randomly, either above or below the plane. Since only every other pseudo-asymmetric carbon is in an isotactic 
configuration, the term hemi is applied. 

[0018] Isotactic and syndiotactic polymers are crystalline polymers and are insoluble in cold xylene. Crystallinity 
20 distinguishes both syndiotactic and isotactic polymers from hemi-isotactic and atactic polymers, that are soluble in cold 
xylene and are non-crystalline. While it is possible for a catalyst to produce all four types of polymers (atactic, hemi- 
isotactic, isotactic and syndiotactic), it is desirable for a catalyst to produce predominantly or essentially isotactic or 
syndiotactic polymers having very little atactic contents and few stereochemical defects. 

[0019] Several catalysts that produce isotactic polyolefins are disclosed in U.S. Pat. Nos. 4,794,096 and 4,975,403, 
25 as well as European Pat. Appl. 0,537,130. Several catalysts that produce syndiotactic polyolefins are disclosed in U. 

S. Pat. Nos.3,258,455, 3,305,538; 3,364,190, 4,852,851 , 5,155,080, 5,225,500, and 5,459,11 7. 

[0020] Besides neutral metallocenes, cationic metallocenes are known to result in polymers with varying degrees of 

tactiospecificity. Cationic metallocene catalysts are disclosed in European Patent Applications 277,003 and 277,004. 

Catalysts that produce hemi-isotactic polyolefins are disclosed in U.S. Pat. Nos. 5,036,034. 
30 [0021] In addition to homopolymers of monoolefins, polymerization catalysts for preparing copolymers of monoole- 

fins, or polymers of di-functional olefins, or copolymers of di-functional olefins and monoolefins can be prepared using 

coordinated metal catalysts, including metallocene catalysts. 

[0022] Although many metallocene catalysts are now available, the need for new ligand systems and new metal- 
locene catalysts or catalyst precursors for the polymerization of olefins is still important and would represent a significant 
35 advancement in the art. Such new ligand systems and the catalysts derived therefrom can offer new design approaches 
for making highly-stereoregular or tactiospecific polymers essentially free of defects, polymers with controlled defect 
statistics, and copolymers with controlled properties, or new approaches for molecular weight control and for the control 
of other polymer properties. 

40 SUMMARY OF THE INVENTION 

[0023] The present invention provides a new class of heterocyclic metallocenes for the polymerization of olefins 
useful to prepare polymer products with desired properties, such as a given molecular weight, molecular weight dis- 
tribution, density, tacticity and/or terminal unsaturation. 
45 [0024] The metallocenes according to the present invention contain at least one heteroatom in a ring system asso- 
ciated with a six n electron central radical directly coordinating a transition metal belonging to Group 3, 4, 5, 6 or to the 
lanthanide or actinide series of the Periodic Table of the Elements (IUPAC version). 

[0025] Said metallocenes are useful for the polymerization of addition polymerizable monomers, such as a-olefins, 
into homopolymers and/or copolymers. 
50 [0026] The metallocenes of the present invention comprise organometallic coordination compounds of mono, di or 
tri-functional ligand systems coordinated to transition metal complexes, preferably complexes of an element of Group 
3, 4, or 5 or of the lanthanide series of elements from the Periodic Table, where the ligand system includes at least 
one six n electron central radical to which are associated one or more radicals containing at least one heteroatom. 
[0027] The metallocenes of the present invention correspond to formula (I): 

55 

YjFT^jMeQfcP, (I) 
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w 



15 



20 



25 



wherein 

(1) Y is a coordinating group containing a six „ electron central radical directly coordinating Me, to which are 
associated one or more radicals containing at least one non-carbon atom selected from B, N, O, Al, Si, P, S, Ga 
Ge, As, Se, In, Sn, SbandTe; !.,,,,,««, 

(2) FT is a divalent bridge between the Y and Z groups; 

iL 2 olw C0 °? ,ina ! in9 l 9r0UP h3Ving the Same meanln 9* as Y or is an open pentadienyl containing group, a cy- 
n^T, y C °t 9 9r ° UP ' 8 heteroc y c,lc cydopentadienyl containing group, a nitrogen containing group a 
phosphorous containing group, an oxygen containing group or a sulfur containing group- 

Bemeni; an * *' 6 " * the lanthanide or actinide ^ « the Periodic Table of 

(5) Q is a linear or branched, saturated or unsaturated alkyl radical, aryl radical, alkylaryl radical, arylalkyl radical 
or a naiogen atom; * 

(6) P is a stable non-coordinating or pseudo non- coordinating counterion; 

(7) i is an integer having a value of 0 or 1 ; 

(8) j is an integer having a value from 1 to 3; 

(9) jj is an integer having a value from 0 to 2; 

(10) k is an integer having a value from 1 to 3; and 

(11) I is an integer having a value from 0 to 2. 

b°^L^Hh° Ver ' f t 0rmU ' a (l) a,S0 describes cationic metallocenes where 1=1 or 2. Said cationic metallocenes can 
T^ZZ t 7 reaCtm9 f an ,0n - pair or a stron 9 Lewis acld compound with a neutral metallocene (i.e., 1=0) to form a 
mi \2rT ,0Cene 'f ,the : P rior t0 or conc — t with contacting the neutral metallocene with monomer. Cationic 
mnoo USGd ana, °9° us, y t0 neutral one * to polymerize addition polymerizable monomers 

LU029] Another object of the present invention is a class of ligands of formula (II): 



Y i R "i Z jj (II) 



30 wherein Y, FT, Z 



35 



40 



45 



50 



55 



nflhf h n J: R "' Z 'r ' an ^ M have the meanings sported above; said ligands are useful as intermediates in the preparation 
of the heterocyclic metallocenes of the present invention. p 

™Lt n ° ther ^ 9C l? PreSSnt inV6nti0n iS 8 CatalytiC system for the P^merization of addition polymerisable 
monomers, comprising the reaction product between: 

an heterocyclic metallocene of formula (I) and 
a suitable co-catalyst. 

[0031 J The present invention further provides a process for polymerizing addition polymerizable monomers compris- 

the 'SSSSiST 01 8b0Ve Cataly,iC SVStemS ^ 31 ' eaSt ° ne additi0n P°'y-ri 2 ab.e monomer pZa'bTy, 
5 cT S ,1 in h ,ha m ° n0mer are contacted t0 9 e,her in » taction zone. Alternatively, the metallocenes of formula 
I) can be comb ned with a co-catalyst, such as an alkyl aluminum or an alumoxane, either prior to or after the metal- 
locene of formula (I) is brought into contact with monomer, or anerme metal 
hT™ Furtherm ° re " the metallocenes of formula (I) may be used for pre-polymerization before polymerisation with 
bulk monomer and/or prior to the stabilization of the reaction conditions. 

S. The pr f S ,f nt inve " tion can also be P ract 'eed to produce intimate blends of different types of polymers by 

meta " 0Cane ° Ma (0 deSi9ned f ° r each different P°'y mer *P e with °' more monomers. * 
[0034] The preferred applications of practicing this invention is in the production of polyethylene, polyethylene co- 
polymers, isotactic syndiotactic, hemi-isotactic or atactic polypropylene, or mixtures mJrecl^o^eTZZ 
mers, as well as polymers and copolymers of other addition polymerizable monomers 

in^Lhln 6 » PreS< f i ? Vent i° n fU,ther inC ' UdeS meth ° dS f ° r Preparin9 metallocenes of formula (I) and their ligands, 
and methods for activating the metallocenes of formula (I) where 1=0 into catalytically active polymerization agents. 

DETAILED DESCRIPTION OF THE INVENTION 

[0036] In the present detailed description the following definitions are used: 

"Central Radical" means a six n electron radical directly coordinating the transition metal, such as the five member 



4 
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ring in cyclopentadiene, indene or fluorene; 

"HCy" means a ligand including a central six it electron radical having an associated radical containing at least 
one heteroatom; 

5 

"Cp" means a cyclopentadienyl ring; 

"HCp" means a Cp ring containing one or more heteroatoms; 

10 "Op" means an open pentadienyl ligand having five atoms in an all cis configuration and having six n electrons 

delocalized over the five atoms; 

[0037] The "h- u prefix will be used to connote the heterocyclic analogs of aromatic ring systems containing a central 
five membered ring and a heterocyclic fused ring, e.g. h-lnd for an indene or indane ring system containing at least 

is one heteroatom in the six membered ring of the fused ring system, h-Flu for a fluorene or f luorane ring system containing 
at least one heteroatom in one or both of the six membered rings of the fused ring system, or h-Pta for a pentalene or 
pentalane ring system containing a least one heteroatom in only one of the fused five membered rings of the pentalene 
ring system; and "o- H prefix will be used to connote the open-pentadienyl analog of above described fused ring systems 
[0038] The Applicant found a new class of heterocyclic metallocenes with wide application for the production of 

20 polymers of addition polymerizable monomers; said metallocenes present two to three coordinating ligands, where at 
least one of said coordinating ligands has a central six n electron radical directly coordinated to a suitable transition 
metal, to which is associated a group containing at least one heteroatom (sometimes abbreviated "HCy" group). The 
electrons in the HCy group can be delocalized over the entire groups. 

[0039] The present invention is directed towards metallocenes and catalytic systems containing them useful in the 
25 polymerization of addition polymerizable monomers. In particular, the present invention is directed towards metal- 
locenes and catalytic systems for the polymerization of polymerizable vinyl monomers, including a-olefins (such as 
ethylene, propylene and butylene) to produce polymers such as linear low density polyethylene (LLDPE), high density 
polyethylene (HDPE) and polypropylene (isotactic, syndiotactic, hemi-isotactic, atactic or mixtures thereof). The re- 
sulting polymers are intended for fabrication into articles by extrusion, injection molding, thermoforming, rotational 
30 molding, or other techniques known in the state of the art. 

[0040] The polymers which can be prepared using the metallocenes of this invention include homopolymers and 
copolymers of vinyl monomers, having from 2 to 20 carbon atoms, and preferably from 2 to 1 2 carbon atoms; said vinyl 
monomers are preferably ethylene, propylene, butylene and styrene. In addition, said vinyl monomers can also include 
various heteroatoms, such as acrylonitrile and vinyl pyridine. 
35 [0041] The heterocyclic metallocenes of this invention contain one or more mono-, bi- and/or tri-functional ligands 
coordinated to, complexed with, or otherwise associated with a suitable transition metal, where at least one of said 
ligands is a HCy ligand coordinating the transition metal. 

[0042] Particularly preferred heterocyclic metallocenes of the present invention include those represented by formula 

(I): 

40 

YjR-jZ^MeQkP, (I) 

where: 

45 

(1) Y is a coordinating ligand comprising a six n electron central radical, directly coordinating Me, to which is 
associated a group containing at least one non-carbon atom selected from B, N, O, Al, Si, P, S, Ga, Ge, As, Se, 
In, Sn, Sb and Te; 

(2) R" is a divalent bridge linking Y and Z and can be a linear or branched C-j-C^ alkenyl radical, a C 3 -C 12 bicyclic 
50 radical, an aryl radical or a diaryl allyl radical, said radicals optionally containing silicon, germanium, phosphorous, 

nitrogen, boron or aluminum atoms; 

(3) Z is a coordinating group having the same meanings as Y or is an open pentadienyl containing group, a cy- 
clopentadienyl containing group, a heterocyclic cyclopentadienyl containing group, a nitrogen containing group, a 
phosphorous containing group, an oxygen containing group or a sulfur containing group; 

55 (4) Me is an element belonging to Group 3, 4, or 5 or to the lanthanide series, preferably Lu, La, Nd, Sm, or Gd; 

(5) Q is a linear or branched, saturated or unsaturated atkyl radical, aryl radical, alkyiaryl radical, arylalkyl radical 
or a halogen atom; 



5 
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(6) P is a stable non-coordinating orpseudo non- coordinating counterion; 

(7) i is an integer having a value of 0 or 1 ; 

(8) j is an integer having a value from 1 to 3; 

(9) jj is an integer having a value from 0 to 2; 

(10) k is an integer having a value from 1 to 3; and 

(11) I is an integer having a value from 0 to 2. 

[0043] A particularly important subclass of the metallocenes of this invention are represented by formula (III): 

YR"ZMeQ k P| (||) 

where Y is a HCy group and Z is a non-HCy group and where FT, Me, Q, P, k, and I are as described above (i-1 j-1 
and jj=1 in formula (I)) and YR'Z is a ligand of the invention. ( ' J 

[0044] Non limiting examples of said metallocenes are: 

isopropylidene(cyclopentadienyl)(7-cyclopentadithiophene) zirconium dichloride- 

dimethylsilanediyl(cyclopentadienyl)(7-cyclopentadithiophene) zirconium dichloride- 

isopropylidene(3-methylcyclopentadienyl)(7-cyclopentadithiophene)zirconium dichloride- 

dimethylsilanediyl(3-methylcyclopentadienyl)(7-cyclopentadithiophene)zirconium dichloride- 

| S 3^^ dichloride;' dimethylsilanediyl 

(3-ethylcyclopentadienyl)(7-cyclopentadithiophene)zirconium dichloride- 

isopropylidene(3-i-propylcyclopentadienyl)(7-cyclopentadithiophene)zirconium dichloride- 
dimethylsilanediyl(3-i-propylcyclopentadienyl)(7- C yclopentadithiophene)zirconium dichloride- 
isopropylidene(3-n-butylcyclopentadienyl)(7-cyclopentadithiophene)zirconium dichloride- ' 
dimethylsilanediyl(3-n-butylcyclopentadienyl)(7-cyclopentadithiophene)zirconium dichloride- 
isopropylidene(3-t-butylcyclopentadienyl)(7-cyclopentadithiophene)zirconium dichloride- 
dimethylsilanediyl(3-t-butylcyclopentadienyl)(7-cyclopentadithiophene)zirconium dichloride- 
isopropylidene(3-trimethylsilylcyclopentadienyl)(7-cyclopentadithiophene)zirconium dichloride- 
dimethylsilanediyl(3-trimethylsilylcyclopentadienyl)(7-cyclopentadithiophene) zirconium dichloride- 
|sopro P yl,dene(cyc^pentadienyl)(7-cyclo P entadi Py rrole) zirconium dichloride; dimethylsilanediyl(cyclopentadi- 
enyl)(7-cyclopentadipyrrole) zirconium dichloride; H«»>aui 

isopropylidene(3-methylcyclo P entadienyl)(7-cyclopentadipyrrole)zirconium dichloride; dimethylsilanediyl(3-meth- 
ylcyclopentadienyl)(7-cyclopentadipyrrole)zirconium dichloride- myisnaneaiynd metn 

ilTn^ id H ne(3 ;w y T l0Pentadienyl)(7 " C ^^ dichloride; dimethy| s i.anediyl(3-ethyl- 

cyclopentadienyl)(7-cyclopentadipyrrole)zirconium dichloride; Y 

isopropylidene(3-i-propylcyclopentadienyl)(7-cyclopentadipyrrole)zirconium dichloride- 
d l methylsilanediyl(3-i-propylcyclopentadienyl)(7-cyclopentadipyrrole)zirconium dichloride- 

*Z£!!E!^^ ZirCOniUm dich,oride; dimethylsilanediyl(3-t-bu- 

tylcyclopentadienyl)(7-cyclopentadipyrrole)zirconium dichloride; 

isopropylidene(cyclopentadienyl)(7-cyclopentadiphosphole) zirconium dichloride- 

dimethylsilanediyl(cyclopentadienyl)(7-cyclopentadiphosphole) zirconium dichloride 

isopropylidene(3-methylcyclopentadienyl)(7-cyclo P entadiphosphole)zirconium dichloride- 

dimethyls 1 lanediyl(3-methylcyclopentadienyl)(7-cyclopentadiphosphole)zirconium dichloride- 

'£™S^ dichloride; ' dimethylsilanediyl 

(3-ethylcyclopentadienyl)(7-cyclopentadiphosphole)zirconium dichloride- 

isopropylidene(3-i-propylcyclopentadienyl)(7-cyclopentadiphosphole)zirconium dichloride- 
d.methyls.i a nediyl(3-i-propylcyclopentadienyl)(7-cyclo P entadiphosphole)zirconium dichloride- 
isopropyl l dene(3-t-butylcyclopentadienyl)(7-cyclopentadiphosphole)zirconium dichloride- ' 
d.methylsii a nediyl(3-t-butylcyclopentadienyl)(7^yclo P entadiphosphole)zirconium dichloride- 
isopropylidene(2-methylthiapentalene)(2-methylindene)zirconiumdichloride- 
dimethylsilanediyl(2-methylthiapentalene)(2-methylindene)zirconiumdichloride- 
isopropylidene(2-ethylthiapentalene)(2-ethylindene)zirconiumdichloride- 
dimethylsilanediyl(2-ethylthiapentalene)(2-ethylindene) zirconiumdichloride- 
isopropylidene(2-i- P ropylthiapentalene)(2-i-propylindene) zirconiumdichloride- 
dimethylsilanediyl(2-i-propylthiapentalene)(2-i-propylindene) zirconiumdichloride- 
isopropylidene(2-t-butylthiapentalene)(2-t-butylindene)zirconiumdichloride- 
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dimethylsilanediyl(2-t-butylthiapentalene)(2-t-butylindene)zirconiumdichlori 
isopropylidene(2*trimethylsily[thiapentalene)(2-trimethylsilylindene)zirconium dichloride; 
dimethylsilanediyl(2-trimethylsilytthiapentalene)(2-trimethylsilylindene)zirconium dichloride; 
isopropylidene(cyclopentadienyl)(thiapentalene)zirconium dichloride; 
dimethylsilanediyl(cyclopentadienyl)(thiapentalene) zirconium dichloride; 
isopropylidene(indenyl)(thiapentalene)zirconium dichloride; 
dimethylsilanediyl(indenyl)(thiapentalene)zirconium dichloride; 
isopropylidene(fluorenyl)(thiapentalene)zlrconium dichloride; 
dimethylsilanediyl(fluorenyl)(thiapentalene)zirconium dichloride; 
isopropylidene(cyclopentadienyl)(2-methylthiapentalene)zirconiumdichloride; 
dimethylsifanediyl(cyclopentadienyl)(2-methylthiapentalene) zirconium dichloride; 
phenylmethylsilanediyl(cyclopentadienyl)(2-methylthiapentalene) zirconium dichloride; 
isopropylidene(cyclopentadienyl)(2-ethylthiapentalene)zirconium dichloride; 
dimethylsilanediyl(cyclopentadieny|)(2-ethylthiapentalene) zirconium dichloride; 
isopropylidene(cyclopentadienyl)(2-n-butylthiapentalene)zirconium dichloride; 
dimethylsilanediyl(cyclopentadienyl)(2-n-buthylthiapentalene) zirconium dichloride; 
isopropylidene(cyclopentadienyl)(2-i-propylthiapentalene)zirconium dichloride; 
dimethylsilanediyl(cyclopentadienyl)(2-i-propylthiapentalene) zirconium dichloride; 
isopropylidene(cyclopentadienyl)(2-phenyl thiapentalene)zirconium dichloride; 
dimethylsilanediyl(cyclopentadienyl)(2-phenylthiapentalene) zirconium dichloride; 
isopropylidene(cyclopentadienyl)(2-naphthylthiapentalene)zirconium dichloride; 
dimethylsilanediyl(cyclopentadienyl)(2-naphthylthiapentalene) zirconium dichloride; 
isopropylidene(cyclopentadienyl)(2-trimethylsilylthiapentalene)zirconium dichloride; 

dimethylsilanediyl(cyclopentadienyl)(2-trimethylsilylthiapentalene)zirconium dichloride; 1 ,2-ethandiylbis(cy- 
clopentadienyl)(2-methylthiapentalene) zirconium dichloride; 

isopropylidene(3-methylcyclopentadienyl)(2-methylthiapentalene)zirconium dichloride; 
dimethylsilanediyl(3-methylcyclopentadienyl)(2-methylthiapentalene)zirconium dichloride; 
isopropylidene(3-ethylcyclopentadienyt)(2-methylthiapentalene) zirconium dichloride; 

dimethylsilanediyl(3-ethylcyclopentadienyl)(2-methylthiapentalene)zirconium dichloride; isopropylidene(3-i-pro- 
py!cyclopentadienyl)(2-methylthiapentalene)zirconium dichloride; dimethylsilanediyl(3-i-propylcyclopentadienyl) 
(2-methylthiapentalene)zirconium dichloride; 

isopropylidene(3-n-butylcyclopentadienyl)(2-methylthiapentalene)zirconium dichloride; 
dimethylsilanediyl(3-n-butylylcyclopentadienyl)(2-methylthiapentalene)zirconium dichloride; 
isopropylidene(3-t-butylcyclopentadienyl)(2-methylthiapentalene) zirconium dichloride; 
dimethylsilanediyl(3-t-butylylcyclopentadienyl)(2-methylthiapentalene)zirconium dichloride; 
isopropylidene(3-t-butylcyclopentadienyl)(7-cyclopenta[ 1 .2]thiophene[1 .4]cyclopentadiene)zirconium dichloride; 
dimethylsilanediyl(3-t-butylylcyclopentadienyl)(7-cyclopenta[ 1 .2]thiophene[1 .4]cyclopentadiene)zirconium 
dichloride; 

dimethylstanyl(3-t-butylylcyclopentadienyl)(7-cyclopenta[1 .2]thiophene[1 .4]cyclopentadiene)zirconium dichlo- 
ride; 

isopropylidene(3-t-butylcyclopentadienyl)(7-cyclopenta[1 .2]-thiophene[1 .4]cyclopentadiene)zirconium dichloride; 
dimethylsilanediyl(3-t-butylylcyclopentadienyl)(7-cyclopenta[1.2]thiophene[1 .4]cyclopentadiene)zirconium dichlo- 
ride; 

isopropylidene(cyclopentadienyl)(azapentalene)zirconium dichloride; 
dimethylsilanediyl(cyclopentadienyl)(azapentalene) zirconium dichloride; 
isopropylidene(cyclopentadienyl)(2-methyltazapentalenyl)zirconium dichloride; 
dimethylsilanediyl(cyclopentadienyl)(2-methylazapentalene) zirconium dichloride; 
phenylmethylsilanediyl(cyclopentadienyl)(2-methylazapentalene) zirconium dichloride; 
isopropylidene(cyclopentadienyl)(2-ethylazapentalene)zirconium dichloride; 
dimethylsilanediyl(cyclopentadienyl)(2-ethylazapentalene) zirconium dichloride; 
isopropylidene(cyclopentadienyl)(2-n-butylazapentalene)zirconium dichloride; 
dimethylsilanediyl(cyclopentadienyl)(2-n-buthylazapentalene) zirconium dichloride; 
isopropylidene(cyclopentadienyl)(2-i-propylazapenta!ene)zirconium dichloride; 
dimethylsilanediyl(cyclopentadienyl)(2-i-propylazapentalene) zirconium dichloride; 
isopropylidene(cyclopentadienyl)(2-phenylazapentalene)zirconium dichloride; 
dimethylsilanediyl(cyclopentadienyl)(2-pheriylazapentalene) zirconium dichloride; 
isopropylidene(cyclopentadienyl)(2-naphthylazapentalene)zirconium dichloride; 
dimethylsilanediyl(cyclopentadienyl)(2-naphlhylazapentalene) zirconium dichloride; 
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isopropylidene(cyclopentadienyl)(2-trimethylsilyla2apentalene)zirconium dichloride- 

dimethylsilanediyl(cyclopentadienyl)(2-trimethylsilylazapentalene)2irconium dichloride; 1 ,2-ethandivlbis(cv- 
clopentadienyl)(2-methylazapentalene) zirconium dichloride; einanoiyro^cy 

isopropylidene(3-methylcyclopentadienyl)(2-methylazapentalene)zirconium dichloride- 
dimethylsilanediyl(3-methylcyclopentadienyl)(2-methylazapentalene)zirconium dichloride- 
isopropylidene(3-ethylcyclopentadienyl)(2-methylazapentalene) zirconium dichloride- 
dimethylsilanediyl(3-ethylcyclopentadienyl)(2-methylazapentalene)zirconium dichloride- 
isopropylidene(3-i-propylcyclopentadienyl)(2-methylazapentalene)zirconium dichloride; dimethylsilanedivl(3-i- 
propylcyclopentadienyl)(2-methylazapentalene)zirconium dichloride; vmrnmans 
isopropylidene(3-n-butylcyclopentadienyl)(2-methylazapentalene) zirconium dichloride- 
dimethylsilanediyl(3-n-butylylcyclopentadienyl)(2-methylazapentalene)zirconium dichloride- 
isopropylidene(3-t-butylcyclopentadienyl)(2-methylazapentalene) zirconium dichloride- 
dimethylsilanediyl(3-t-butylylcyclopentadienyl)(2-methylazapentalene)zirconium dichloride- 

Z3!ii ene i 3 l b ^' C h y ? l ? Pe ? tadienyl) (7 - c y cl °P enla t 1 -2]pyrrole t 1 .4]cyclopentadiene)zi'rconium dichloride; 
d,methyls,laned ( yl(3-t-buty.ylcyclo P entadienyl) (7-cyclopenta[1 .2]pyrrole[1 .4]cyclopentadiene)zirconium dichlo- 

dimethylstanyl(3.t.butylylcyclopentadienyl) (7-cyclopenta[1 .2]pyrrole[1 .4]cyclopentadiene)zirconium dichloride- 
isopropylidene(cyclopentadienyl)(oxapentalene)zirconium dichloride; 
dimethylsilanediyl(cyclopentadienyl)(oxapentalene) zirconium dichloride; 
isopropylidene(cyclopentadienyl)(borapentalene)zirconium dichloride; 
dimethylsilanediyl(cyclopentadienyl)(borapentalene)zirconium dichloride; 
isopropylidene(cyclopentadienyl)(phosphapentalene) zirconium dichloride; 
dimethylsilanediyl(cyclopentadienyl)(phosphapentalene) zirconium dichloride. 

[0045] Another important subclass of metallocenes according to the present invention are represented by the formula 



YR"YMeQ k P, (!V) 

iMTr T Y , 9r °T S ' Sa T ° r differ6nt fr ° m each other ' are H °V and wha ^ R», Me, Q, P, k, and I are as described 
above (i=1 , j=2 and jj=0 in formula (I)) and YR"Y is a ligand of the invention. 
[0046] Non limiting examples of these metallocenes are: 

isopropylidene(2-methylthiapentalene)2irconiumdichloride; 
dimethylsilandiylbis(2-methylthiapentalene) zirconiumdichloride; 
isopropylidene(2-ethylthiapentalene) zirconiumdichloride; 
dimethylsilandiylbis(2-ethylthiapentalene) zirconiumdichloride; 
isopropylidene(2-i-propylthiapentalene) zirconiumdichloride; 
dimethylsilandiylbis(2-i-propylthiapentalene) zirconiumdichloride; 
isopropylidene(2-t-butylthiapentalene) zirconiumdichloride; 
dimethylsilandiylbis(2-t-butylthiapentalene) zirconiumdichloride; 
isopropylidene(2-trimethylsilylthiapentalene) zirconiumdichloride; 
dimethylsilandiylbis(2-trimethylsilylthiapentalene) zirconiumdichloride; 
isopropylidene(2-i-phenylthiapentalene) zirconiumdichloride 
dimethylsilandiylbis(2-i-phenylthiapentalene) zirconiumdichloride; 
isopropylidenebis(1 -phenyl-2,5-dimethyl-1 -azapentalene-4-yl)zirconium dichloride- 
dimethylsilandiylbis(1-phenyl-2,5-dimethyl-1-azapentalene-4-yl)zirconium dichloride- 
isopropylidenebis(1-phenyl-2,5-diethyl-1-azapentalene-4-yl)zirconium dichloride- 
dimethylsilandiylbis(1 -phenyl-2,5-diethyl-l -azapentalene-4-yl)zirconium dichloride- 

isopropylidenebis(1-phenyl-2,5-di-t-butyl-1-azapentalene-4-yl)zirconium dichloride- 
dimethylsilandiylbis(1-phenyl-2,5-di-t-butyl-1-azapentalene-4-yl)zirconium dichloride- 
isopropyhdenebis(1-phenyl-2,5-di-n-butyl-1-azapentalene-4-yl)zirconium dichloride- ' 
dimethylsilandiylbis(1-phenyl-2,5-di-n-butyl-1-azapentalene-4-yl)zirconium dichloride- 
isopropylidenebis( 1-phenyl-2,5-di-trimethylsilyl- 1-azapentalene-4-yl)zirconium dichloride- 
d.methylsilandiylbis(1-phenyl-2,5-di-trimethylsilyl-1-azapentalene-4-yl)zirconium dichloride- 
d.phenylsilandiylbis(1 -phenyl-2,5-dimethyl-1 -azapentalene-4-yl)zirconium dichloride- 
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methylphenyts»landiylbis(1 -phenyl-2,5-di-methyl-1 -azapentalene-4-yl)zirconium dichloride; 
ethylphenylsilandiylbis(1 -phenyl-2,5-dimethyl-1 -azapentalene-4-yl)zirconium dichloride; 
1 t 2-ethandiylbis(1 -phenyl-2,5-di-methyl-1 -azapentalene-4-yl)zirconium dichloride; 
isopropylidenebis(1 -phenyl-2,5-dimethyl-1 -phosphapentalene-4-yl)zirconium dichloride; 
dimethylsilandiylbis( 1 -phenyl-2,5-dimethyl-1 -phosphapentalene-4-yl)zirconium dichloride; 
isopropylidenebis(1 -phenyl-2 ( 5-diethyl-1 -phosphapentalene-4-yl)zirconium dichloride; 
dimethylsilandiylbis(1 -phenyl-2,5-diethyl-1 «phosphapentalene-4-yl)zirconium dichloride; 
isopropylidenebis(1 -phenyl-2 t 5-di-t-butyl-1 -phosphapentalene-4-yl)zirconium dichloride; 
dimethylsilandiylbis( 1-phenyl-2,5 -di-t-butyl-1-phosphapentalene-4 : yI)zirconium dichloride; 
isopropylidenebis(1 -phenyl-2,5-di-n-butyl-1 -phosphapenta!ene-4-yl)zirconium dichloride; 
dimethylsilandiylbis( 1 -phenyl-2,5-di-n-butyl-1 -phosphapentalene-4-yl)zirconium dichloride; 
isopropylidenebis(1 -phenyl-2,5-di-trimethylsilyl-1 -phosphapentalene-4-yl)zirconium dichloride; 
dimethylsilandiylbis( 1 -phenyl-2,5 -di-trimethylsilyl-1 -phosphapentalene-4-yl)zirconium dichloride; 
diphenylsilandiylbis(1 -phenyl-2,5-dimethyl-1 -phosphapentalene-4-yl)zirconium dichloride; 
methylphenylsilandiylbis(1 -phenyl-2,5-di-methyl-1 -phosphapentalene-4-yl)zirconium dichloride; 
ethylphenylsilandiylbis(1 -phenyl-2,5-dimethy1-1 -phosphapentalene-4-yl)zirconium dichloride; 
1 ^-ethandiylbistl-phenyl^.S-di-methyl-l-phosphapentalene^-yOzirconium dichloride; 
isopropylidenebis(4-phenyl-2,6-dimethyM -thiopentalene-3-yl) zirconium dichloride; 
dimethylsilandiylbis(4-phenyl-2 > 6-dimethyl-1 -thiopentalene-3-yl) zirconium dichloride; 
isopropylidenebis(4-phenyl-2 ( 6-diethyl-1 -thiopentalene-3-yl) zirconium dichloride; 
dimethylsilandiylbis(4-phenyl-2,6-diethyl-1-thiopentalene-3-yl) zirconium dichloride; 
isopropylidenebis(4-phenyl-2,6-di-n-butyl-1 -thiopentalene-3-yl) zirconium dichloride; 
dimethylsilandiylbis(4-phenyl-2,6-di-n-butyM -thiopentalene-3-yl)zirconium dichloride; 
isopropylidenebis(4-phenyl-2,6*di-i-propyl-1-thiopentatene-3-yl) zirconium dichloride; 
dimethytsilandiylbis(4-phenyl-2 l 6-di-i-propyl-1-thiopentalene-3-yl)zirconium dichloride; 
isopropylidenebis(4-phenyl-2,6-di-(3-pyridyl)-1-thiopentalene-3-yl)zirconium dichloride; 
dimethylsilandiylbis(4-phenyl-2,6-di-(3-pyridyl)-1 -thiopentalene-3-yl)zirconium dichloride; 
isopropylidenebis(4-phenyl-2-methy1-6-(3 -pyridyl)-1 -thiopentalene-3-yl)zirconium dichloride; 
dimethylsilandiylbis(4-phenyl-2-methyl-6-(3-pyridyl)-1-thiopentalene-3-yl)zirconium dichloride; 
isopropylidenebis(4-phenyl-2-methyl-6-(3 -chinolyl)-1-thiopentalener3-yl)zirconium dichloride; 
dimethylsilandiyIbis(4-phenyl-2-methyl-6-(3-chinolyl)-1 -thiopentalene-3-yl) zirconium dichloride; 
isopropylidenebis(4-phenyl-2,6-di-trimethylsilyl-1-thiopentalene-3-yl)zirconium dichloride; 
dimethylsilandiylbis(4-phenyl-2,6-di-trimethylsilyl-1-thiopentalene-3-yl)zirconium dichloride; 

1 .2- ethandiylbis(4-phenyl-2,6-dimethyl-1 -thiopentalene-3-yl) zirconium dichloride; 

1 .3- propandiylbis(4-phenyl-2,6-dimethyl-1 -thiopentalene-3-yl) zirconium dichloride; 

isopropylidene(3-methylthiopentalene-4-yl)( 1 -phenyl-2,5-di-methyl-1 -azapentalene-4-yl)zirconium dichloride; 
dimethylsilandiyl(3-methylthiopentalene-4-yl)(1-phenyl-2,5-di-methyl-1-azapentalene-4-yl)zirconium dichloride; 
isopropylidene(3-methylthiopenta!ene-4-yl)(1-methyl-2 f 5-di-methyl-1-azapentalene-4-yl)zirconium dichloride; 
dimethylsilandiyl(3-methylthiopentalene-4-yl)(1-methyl-2,5-di-methyl-1-azapentalene-4-yl)zirconium dichloride; 
isopropylidene(3-methylthiopentalene-4-yl)(1-t-butyl-2,5-di-methyl-1-azapentalene-4-yl)zirconium dichloride; 
dimethylsilandiyl(3-methy!thiopentalene-4-yl)( 1 -t-butyl-2,5-di-methyl-1 -azapentalene-4-yl)zirconium dichloride; 
isopropylidene(3-methylthiopentalene-4-yl)(1-methyl-2,5-di-methyl-1-phosphapentalene-4*yl)zirconium dichlo 
ride; 

dimethylsilandiyl(3-methylthiopentalene^-yW dichlo 
ride; 

isopropylidene(3-methylthiopentalene-4-yl)(1-t-butyl-2,5-di-methyl-1-phosphapentalene-4-yl)zirconium dichlo 
ride; 

dimethylsilandiyl(3-methylthiopentate dichlo 
ride; 

isopropylidene(3-methylthiopentalene-4-yl)(1-phenyl-2,5-di-methyl-1-phosphapentalene-4-yl)zirconium dichlo 
ride; 

dimethylsilandiyl(3-methylthiopentalene^^ dichlo 
ride; 

[0047] Another subclass of metallocenes of the invention is represented by formulae (III) or (IV), 
wherein i=0 and the remaining variable have the meanings reported above. 
[0048] Non limiting examples of these metallocenes are: 
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bis(2-methylthiapentalene)2irconiumdichloride; 

bis(2-methylazapentalene)zirconiumdichloride; 

bis(2-methylphosphapentalene)zirconiumdichloride; 

bis(2-ethylthiapentalene)zirconiumdichloride; 

bis(2-ethylazapentalene)zirconiumdichloride; 

bjs(2-ethylphosphapentalene)zirconiumdichloride; 

bis(2-i-propylthiapentalene)zirconiumdichloride; 

bis(2-i-propylazapentalene)zirconiumdichloride; 

bis(2-i-propylphosphapentalene)zirconiumdichloride; 

bis(2-t-butylthiapentalene)zirconiumdichloride; 

bis(2-t-butylazapentalene)zirconiumdichloride; 

bis(2-t-butylphosphapentalene)zirconiumdichloride. 



[0049] As used in the description of the metallocenes of formulae (\) f im and nv\ tho ■ + ^ * 

substituent bended to the ^^^b^SSSSJ) ^ " 8 heter0CyC " C ^ 
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R° R a 
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10 wherein the groups R a , identical or different from each other, are selected from the group consisting of hydrogen, linear 
or branched, saturated or unsaturated C,-C 20 -alkyl, C 3 -C 20 -cycloalkyl, C 6 -C 20 -aryl, C 7 -C 20 -alkylaryl and C 7 -C 20 -ary- 
lalkyl radicals, and wherein at least two adjacent R a groups can form a condensed heterocyclic C 5 -C 7 ring containing 
at least one non-carbon atom selected from B, N, O, Al, Si, P, S, Ga, Ge, As, Se, In, Sn, Sb and Te; 
R b is hydrogen, halogen, linear or branched, saturated or unsaturated, C^C^-alkyl, C 1 -e 20 -alkoxyl, Cg-C^-aryl, 

is C 7 -C 20 -alkylaryl, C 7 -C 20 -arylalkyl C^C^ acyloxyl group, optionally containing a silicon atom, or R b is a bridging divalent 
group R" as defined above. 

[0056] The preferred Y groups are represented by the following formulae: 
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(hh) 

45 wherein: 

(i) the X atoms, the same or different from each other, 

can be N, P, NR9, PR9, o or S; when a fused ring has two heteroatoms, then one X can be 0 or S and the other X 
can be N, P, NR9 or PR9, or one can be N or P and the other can be NR9 or PR9, so that the molecular species 
50 represents a chemically viable group; 

(i) wherein R9 is a linear or branched C A -C 20 hydrocarbon radical, optionally substituted with one or more halogen, 
hydroxy, alkoxy group, a C 3 -C 12 cyclohydrocarbon radical, a C 3 -C 12 cyclohydrohalocarbon radical, optionally sub- 
stituted with one or more halogen, Cg-C^ aryl radical, C 7 -C 20 alkylaryl radical, C 7 -C 20 arylalkyl radical, a silicon 

55 hydrocarbon radical, a germanium hydrocarbon radical, a phosphorous hydrocarbon radical, a nitrogen hydrocar- 

bon radical, a boron hydrocarbon radical, an aluminum hydrocarbon radical or a halogen atom; 

(ii) the R groups, same or different from each other, can be hydrogen, a linear or branched C r C 20 hydrocarbon 
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radical, optionally substituted with one or more halogen hydroxy alkoxv a C r ™HnhwHr rt ho.~ ^ , 
optionallv substituted with ono or m ^ Js "yaroxy, aiKoxy, a U 3 -c 12 cyclohydrohalocarbon radical, 

i'lTa'S SZ2 c"r " ^"J " Sub =»" Je « "W«Wly. Mm. o.dift.r.r,, tern each otto, « be hydro™, 
.lko» . r- r JS? h 20 •J*""* 0 " "** opllonally .utetjlut.d Mth on. or more halo™., hyorow o 

(v) R* and R*> have the meanings reported above 

EUUl PreS6nt inVenti ° n fUrtHer Pr ° VideS 8 pr0Cess for Pacing taclioselective and even tactiosoecific oolv 
and P substituents, as described herein 9 metallocenes bear tacticity controlling a 

dtSint^ ? 7 C o r pseudo . Cs symmetry and preferat% jnc|ude two coordjnati linked together bv a 

thetTuh^, 9 ( "I J+JJ : 2 f ° rmU,a (0) and the P substi ^nts on one coordinating group are slerteaSarqe than 
i„i <S ,T ° ther C00rdina,in 9 9 rou P- For sample, (dithiatricyclo[3.3.1 .0 OJunnonateVraenv MrSST 

SSr i h,at 7 Cl °t 3 ': 1 ■ a * n ""««nyO-BMPp) ligands, (dithiatricyc.o 3.3.1 .0.^nnonS^ 3 R- 3 4^" 
butyl Cp) ligand, or dithiatricyclo[3.3.1 0 OlunnonatetraenvhR" (? * H.m 0 ,h„, o * ,• u j WJ "" nonaieiracn y | ) H -(3,4-di-t- 

i 1 _.i 
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metry. 

[0063] ^©-(N-phenyl-S-methyl-l-azapentalenylJ-R-^a-phenyl-mdenyl) ligands and rac(4-phenyl-1 -thiapentalenyl) 
-R"-(3-phenyl-indenyl) have pseudo-C 2 symmetry. To produce isoselective metallocenes, the ligands are contacted 
with an appropriate metallic species which yields a mixture of meso isomers (which yield atactic polymer) and rac 
isomers (which yield isoselective polymers). The meso and rac isomers can be separated by crystallization or other 
separation techniques, well known in the art. The synthesis of cyclopenta [bjquinolines is described. in Eisch, J.J.; 
Gadek, F.J, J.Org.Chem., 1971 , 36, 2065-2071 . 

[0064] Moreover, isoselective metallocenes can also be prepared that do not have inactive meso forms. Such iso- 
selective metallocenes generally comprise one bilaterally symmetric coordinating group and one asymmetric coordi- 
nating group (not bilaterally or pseudo-bilaterally symmetric). 

[0065] In accordance with this invention, one can also produce olefin copolymers particularly copolymers of ethylene 
and/or propylene, and other olefins by a suitable choice of metallocenes of formula (I). The choice of metallocenes of 
the present invention can be used to control comonomer content, as well as other properties of the polymer, such as 
tacticity for vinyl monomers other than ethylene or ethylene tike monomers. 

[0066] As already reported above, the metallocenes of the present invention comprise one or more rings containing 
at least one heteroatom, associated with the central six n electron radical which directly coordinates the transition 
metal. Such associated rings include the following classes of radicals: 

(i) the heteroatom(s) is contained in a cyclic substituent 
linked to one of the atoms of the central radical; 

(ii) the heteroatom(s) is contained in a ring fused to the central radical, but is not an endocyclic member of the 
central radical; or 

(iii) the heteroatoms are contained in both a cyclic substituent linked to the central radical and in a ring fused to 
the central radical. The rings fused to the central radical can be aromatic, non-aromatic, unsaturated and/or un- 
saturated ring or ring systems. Additionally, the central radical can include the phosphino-boratabenzene radicals 
(that are prepared according to the procedure described in Quan, R.W. et al, J.Am.Chem.Soc, 1994, 116, 4489) 

[0067] Examples of heterocyclic ring systems that can be associated with the central radical include, without limita- 
tion, any B, N, O, Al, Si, P, S, Ga, Ge, As, Se, In, Sn, Sb orTe containing group, any group containing two or more of 
these atoms and preferably any N, O, P, or S containing group or any group containing two or more of these preferred 
atoms. Not limitative examples include pyrrole, isopyrroles, pyrazole, isoimidazole, 1 ,2,3-triazole, 1 ,2,4-triazole, imi- 
dazole, indolizine, thiophene, 1 ,3-dithiole, 1 ,2,3-oxathiole, 1 ,2-dithiole, thiazole, isothiazole, 1 ,2,3-oxadiazole, 1 ,2,4-ox- 
adiazole, 1 ,3,4-oxadiazole, 1 ,2,3,4-oxatriazole, 1 ,2,3,5-oxatriazole, thionaphthene, isothionaphthene, isoindazole, 
benzoxazole, anthranil, benzothiophene, naphthothiophene, furane, isobenzofuran, benzofuran, indole, indazole, pu- 
rine, carbazole, carboline, isothiazole, isoxazole, oxazole, furazan, thienofuran, pyrazinocarbazole, furopyran, pyra- 
zolo-oxazole, selenazolo-benzothiazole, imidazothiazole, furocinnoline, pyridocarbazole, oxathiolopyrole, imidazotri- 
azine, pyridoimidazo-quinoxaline, sila-2,4-cyclopentadiene, thiapentalenes, azapentalenes and dithiatricyclounnona- 
tetraenes. 

[0068] Additional HCy radicals include, without limitation, heterocyclic fused ring systems where the heteroatom is 
not a part of the central Cp rings such as compounds represented by formulae (a) and (s) shown above. Not limitative 
examples include mono heteroatom containing fluorenes where the heteroatom is in the 1-8 positions (using IUPAC 
numbering); diheteroatom fluorenes again where the heteroatoms are in the 1-8 positions, mono heteroatom indene 
where the heteroatom is in the 4-7 positions (IUPAC numbering); diheteroatom indenes again where the heteroatom 
is in the 4-7 positions. Heterocyclic compounds including thia and aza pentalene type systems or heterocyclic com- 
pounds including thia, dithia, aza, diaza and thiaaza systems, having three fused five member rings, where the central 
five membered ring is an all-carbon cyclopentadienyl ring. 

[0069] Of course, it should be apparent that certain of these ring systems will not support substituents at the heter- 
oatom. Thus, oxygen and sulfur containing rings will not have substituents attached to the oxygen or sulfur atoms. 
Additionally, in the case of N, P, and As, where these atoms are part of a double bond, they will not have substituents 
attached thereto. 

[0070] The term open-pentadienyl (abbreviated as Op) is intended to refer to all six n electron structures that are 
centered on five connected atoms in an all cis configuration, but where the five atoms bearing the six n electrons are 
not part of a five membered ring, L e., the five atoms do not form a cyclopentadienyl ring system. Of course, all five 
atoms should be sp 2 hybridized or in some other hybridization that can support electron derealization over the five 
centers. One possible precursor to the Op ligands of this invention is a system where four of the atoms are part of two 
non-conjugated double bonds connected to and separated by a central atom, where the double bonds contribute two 
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[0071] The open.pentad.enyl radios, suitable for use in the present invention ino.ude Op Jgands of formu.a (V): 



IP i ;j 



wherein: 



P ' 8 at ° m ' 3 nitr ° 9en at0m ' a silicon atom or a phosphorus atom; 
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the two coordinating groups from undergoing structural isomerizations or rotation. 

[0077] The Applicant has also found that, by controlling the metallocenes relative steric size, catalysts can be formed 
that insert statistically controllable defects into the resulting polymers. The Applicant has also found that catalysts of 
the present invention can be designed to produce hemi-isotactic polymers. The Applicant has also found that intimate 
5 mixtures of polymers with different properties can be prepared by polymerizing monomers in the presence of metal- 
locenes of the present invention or polymerizing monomers in the presence of catalysts of this invention in combination 
with prior art catalysts. 

[0078] In the state of the art, the term metallocene denotes an organometallic coordination compound in which two 
cyclopentadienyl containing ligands are coordinated to or "sandwiched" about a central metal atom and where all five 

10 centers of the Cp ring are involved in metal coordination. The metal atom may be a transition metal or transition metal 
halide, alkyhalide or alkoxide. Such structures are sometimes referred to as "molecular sandwiches" since the cy- 
clopentadienyl ligands are oriented above and below a plane containing the central coordinated metal atom nearly 
parallel to the planes containing the Cp ring. Similarly, the term "cationic metallocene" means a metallocene in which 
the central coordinated metallic species carries a positive charge, i.e., the metallocene complex is a cation associated 

15 with a stable non-coordinating or pseudo non-coordinating anion. 

[0079] However, in addition to the traditional meaning of the term metallocene, the present invention expands this 
term to encompass metallocenes where at least one of the groups coordinating the central metal atom or ion is a ring 
system containing at least on heteroatom, associated with the central radical (the central radical directly coordinates 
the transition metal). The second coordinating group can be a ring system having the meanings of the first coordinating 

20 group or a heterocyclic containing group where the heteroatom is in the central ring, an Op containing ligand or a Cp 
containing ligand, a nitrogen ligand, a phosphorus ligand, an oxygen ligand or a sulfur ligand. 
[0080] One skilled in the art should also recognize that the permissible values for i, j, k and I will depend on the actual 
ligand and on the coordinating metal; these values are understood to conform to known organometallic structural and 
electronic requirements. 

25 [0081] Suitable Z radicals for use in the present invention include, without limitation, radicals represented as follows: 
. (1) heterocyclic containing ligands where the heteroatom is contained in the central radical; 

(2) Op containing ligands; 

30 

(3) cyclopentadienyl or substituted cyclopentadienyl radicals of formula (C 5 R' n j), wherein the groups R\ same or 
different from each other have the meanings of R, and two adjacent R* groups can be joined together to form a 
C 4 -C 6 ring; iii is an integer having a value from 0 to 5; 

35 (4) nitrogen and phosphorus containing radicals, represented by the formula (JR G |y) where J is nitrogen or phos- 

phorus atom, the R 6 groups, same or different from each other, have the meanings described above for radicals 
R 1 - R 5 ; jjj is an integer having a value from 1 to 3; or 

(5) an oxygen or sulfur containing radical represented by the formula (UR 7 kkk ), where U is oxygen or sulfur atom 
^o and where R 7 is a radical as described above for radicals R 1 -R 5 ; and kkk is an integer having a value of 0 or 2. 

[0082] Suitable structural bridging groups R" able to impart stereorigidity to the metallocenes of this invention, in- 
clude, without limitation, a linear or branched C-,-C 20 alkenyl radical, a C 3 -C 20 dialkyl methyl radical, a C 3 -C 12 cyclohy- 
drocarbon radical, an C 6 -C 20 aryl radical, a diarylmethylene radical, a diaryl allyl radical, a silicon hydrocarbon radical, 
45 dihydrocarbon silenyl radical, a germanium hydrocarbyl radical, a phosphorous hydrocarbon radical, a nitrogen hydro- 
carbon radical, a boron hydrocarbon radical and an aluminum hydrocarbon radical. 

[0083] Other suitable bridging groups R" include ionic units, such as B(C 6 F 5 ) 2 and AI(C 6 F 5 ) 2 , and R 2 C, R 2 Si, R 4 Et, 
R 6 Pr, where R can be any hydrocarbon, cyclic hydrocarbon, cyclic or linear hydrocarbon bearing another organometallic 
catalyst or carboranes. Indeed, the bridges can be C 2 bridges (and C 3 etc.) which form the backbone of polymeric 
50 supports (e.g. the atactic, syndiotactic and isotactic polymers from vinyl-indene and 9-vinyl-fluorene etc.) as well as 
functionalized polystyrene precursors and all other polymers with terminal or branched boron or Al functional groups 
which are bonded to the catalysts, e.g., in zwitterionic form. R 2 C and R 2 Si bridging groups are preferred with isopro- 
pylidene and dimethylsilenyl bridging groups being particularly preferred. 

[0084] Suitable radicals corresponding to R, R\ R 1 - R 5 , R a and R3 include, without limitation, hydrogen atoms, linear 
55 or branched C 1 -C 2 q hydrocarbon radicals, linear or branched C a -C 2 q halocarbyl radicals, linear or branched C 1 -C 2 o 
hydrohalocarbon radicals, linear or branched C^-C^ alkoxy radicals, C 3 -C 12 cyclohydrocarbon radicals, a C 3 -C 12 cy- 
clohydrohalocarbon radicals, aryl radicals, allylaryl radicals, arylalkyl radicals, silicon hydrocarbon radicals, germanium 
hydrocarbon radicals, phosphorus hydrocarbon radicals, nitrogen hydrocarbon radicals, boron hydrocarbon radicals, 
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aluminum hydrocarbon radicals and halogen atoms. Preferable, said radicals are linear or branched C C alkvi ra H 

Cof .SjSSE^ 2WWeri0niC radiCals °" either one * ^e coordinating group the 

T:ZZl^Z C0U ' d 0Wain heter0 °— '-Pa, systems tor improved po.mer paS 

[0087] Preferred metals corresponding to Me include, without limitation, Group 3 4 or 5 elements or lanthaniH* 

[00M1 Su tabl. hydtooafton radicals o, h.lc^nscorreaponding ,o Q include, without limitation a linaar o, braaclt«l 

do-C s symmetry produce polymers with varying degrees of syndiotacticity. Preferably the liqan^re Md^lTS, 
[0093] A few exemplary metallocenes of the present invention are metallocenes where: 

S H in ^ T* " 9and ' Same ° r different fr0m each other . corresponds to formu.ae (a)-(s) where 

™r S a^c 

[0094] A few exemplary metallocenes of the present invention are metallocenes where: 
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without the need of separation steps or of sequential polymerization, which are endowed with good mechanical prop- 
erties and can be suitably used as elastomeric materials and as compatibilizers for blends of amorphous and crystalline 
polyolefins. 

[0096] Said metailocenes are unbridged metallocenes corresponding to formula (I) wherein i=0, j=1, jj=1 (i.e. con- 
taining two unbridged ligands) having specific substitution patterns, thus obtaining polypropylenes having isotactic and 
atactic blocks within a single polymer chain, or blends of isotactic and atactic polymer chains, exhibiting elastomeric 
properties. 

[00971 ^ formula (I), Y and Z, equal or different from each other, are preferably unbridged ligands corresponding to 
formula (hh)": 



wherein X, R, n and m have the meanings reported above. 

[0098] Said metallocenes are not rigid and upon isomerisation the catalyst symmetry alternates between a chiral 
and an achiral geometry; the geometry alternation in the metallocenes of the invention can be controlled by selecting 
suitable bulky unbridged ligands Y and Z, as well as suitable polymerization conditions: 

Non limiting examples of the above described metallocenes are: 

bis(4-phenyl-2,6-dimethyl-thiopentalene)zirconium dichloride; 

bis(4-phenyl-2,6-diethyl-thiopentalene)zirconium dichloride; 

bis(4-phenyl-2,6-dipropyl-thiopentalene)zirconium dichloride; 

bis(4-phenyl-2,6-di-i-propyl-thiopentalene)zirconium dichloride; 

bis(4-phenyl-2,6-di-n-butyl-thiopentalene)zirconium dichloride; 

bis(4-phenyl-2,6-di-t-butyl-thiopentalene)zirconium dichloride; 

bis(4-phenyl-2,6«di-trimethylsilyl-thiopentalene)zirconium dichloride; 

bis(4-(2-pyridyl)-2,6-dimethyl-thiopentalene)zirconium dichloride; 

bis(4-(3-pyridyl)-2,6-dimethyl-thiopentalene)zirconium dichloride; 

bis(4-(8-chinolyi)-2,6-dimethyl-thiopentalene)zirconium dichloride; 

bis(4-(3-chinolyl)-2,6-dimethyl-thiopentalene)zirconium dichloride; 

bis(4-(5-pyrimidyl)-2,6-dimethyl-thiopentalene)zirconium dichloride; 

bis(4-(2-furanyl)-2,6-dimethyl-thiopentalene)zirconium dichloride; 

bis(4-(2-pyrolyl)-2,6-dimethyl-thiopentalene)zirconium dichloride; 

bis(4-(3,5-dimethyiphenyl)-2,6-dimethyl-thiopentalene)zirconium dichloride; 

bis(4-(3,5-diethylphenyl)-2,6-dimethyl-thiopentalene)zirconium dichloride; 

bis(4-(3,5-dimethylsilylphenyl)-2,6-dimethyl-thiopentatene)zirconium dichloride; 




(hhy 
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bis(4-methyl-2,6-dimethyl-thiopentalene)zirconium dichloride; 
bis(4-phenyl-2,6-dimethyl-thiopentalene)zirconium dichloride; 
bis(4-(trifluoromethyphenyl)-2 f 6-dimethyl-thiopentalene)zirconium dichloride; 
bis(4-naphthyl-2,6-dimethyl-thiopentalene)zirconium dichloride; 
bis(4-(1-indenyl)-2 ) 6-dimethyl-thiopentalene)zirconium dichloride; 
bis(4-phenyl-2,6-dimethyl-azapentalene)zirconium dichloride; 
bis(4-phenyl-2,6-diethyl-azapentalene)zirconium dichloride; 
bis(4-phenyl-2 f 6-dipropyl-azapentalene)zirconium dichloride; 
bis(4-phenyl-2,6-di-i-propyl-azapentalene)zirconium dichloride; 
bis(4-phenyl-2,6-di-n-butyl-azapentalene)zirconium dichloride; 
bis(4-phenyl-2,6-di-t-butyl-azapentalene)zirconium dichloride; 
bis(4-phenyl-2,6-di-trimethylsilyl-azapentalene)zirconium dichloride; 
bis(4-(2'pyridyl)-2,6-dimethyl-azapentalene)zirconium dichloride; 
bis(4-(3-pyridyl)-2 J 6-dimethyl-azapentalene)zirconium dichloride; 
bis(4-(8-chinolyl)-2,6-dimethyl-azapentalene)zirconium dichloride; 
bis(4-(3-chinolyl)-2,6-dimethyl-azapentalene)zirconium dichloride; 
bis(4-(5-pyrimidyl)-2,6-dimethyl-azapentalene)zirconium dichloride; 
bis(4-(2"furanyl)-2,6-dimethyl-azapentalene)zirconium dichloride; 
bis(4-(2-pyrolyl)-2,6-dimethyl-azapentalene)zirconium dichloride; 
bis(4-(3,5-dimethylphenyl)-2 I 6-dimethyl-azapentalene)zirconium dichloride; 
bis(4-(3 > 5-diethylphenyl)-2 J 6-dimethyl-azapentalene)zirconium dichloride; 
bis(4-(3 ) 5-dimethylsilylphenyl)-2,6-dimethyl-azapentalene)zirconium dichloride; 
bis(4-methyl-2 > 6-dimethyl-azapentalene)zirconium dichloride; 
bis(4-phenyl-2,6-dimethyl-azapentalene)zirconium dichloride; 
bis(4-(trifluoromethyphenyl)-2,6-dimethyl-azapentalene)zirconium dichloride; 
bis(4-naphthyl-2,6-dimethyl-azapentalene)zirconium dichloride; 
bis(4-(1-indenyl)-2,6-dimethyl-azapentalene)zirconium dichloride; 
bis(4-phenyl-2,6-dimethyl-phosphapentalene)zirconium dichloride; 
bis(4-phenyl-2,6-diethyl-phosphapentalene)zirconium dichloride; 
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bis(4-phenyl-2,6-dipropyl-phosphapentalene)zirconium dichloride; 

bis(4-phenyl-2,6-di-i-propyl-phosphapentalene)zirconium dichloride; 

bis(4-phenyl-2,6-di-n-butyl-phosphapentalene)zirconium dichloride; 

bis(4-phenyl-2,6-di-t-butyl-phosphapentalene)zirconium dichloride; 

bis(4-phenyl-2,6-di-trimethylsilylphosphapentalene) zirconium dichloride; 

bis(4-(2-pyridyl)-2,6-dimethyl-phosphapentalene)zirconium dichloride; 

bis(4-(3-pyridyl)-2,6-dimethyl-phosphapentalene)zirconium dichloride; 

bis(4-(8-chinolyl)-2,6-dimethyl-phosphapentalene)zirconium dichloride; 

bis(4-(3-chinolyl)-2,6-dimethyl-phosphapentalene)zirconium dichloride; 

bis(4-(5-pyrimidyl)-2,6-dimethyl-phosphapentalene)zirconium dichloride; 

bis(4-(2-furanyl)-2,6-dimethyl-phosphapentalene)zirconium dichloride; 

bis(4-(2-pyrolyl)-2,6-dimethyl-phosphapentalene)zirconium dichloride; 

bis(4-(3 > 5-dimethylphenyl)-2,6-dimethyl-phosphapentalene)zirconium dichloride; 

bis(4-(3 ) 5-diethylphenyl)-2 J 6-dimethyl-phosphapentalene)zirconium dichloride; 

bis(4-(3,5-dimethylsilylphenyl)-2 J 6-dimethyl-phosphapentalene)zirconium dichloride; 

bis(4-methyl-2,6-dimethyl-phosphapentalene)zirconium dichloride; 

bis(4-phenyl-2,6-dimethyl-phosphapentalene)zirconium dichloride; 

bis(4-(trifluoromethyphenyl)-2,6-dimethyl-phosphapentalene)zirconium dichloride; 

bis(4-naphthyl-2,6-dimethyl-phosphapentalene)zirconium dichloride; and 

bis(4-(1 -indenyl)-2,6-dimethyl-phosphapentalene)zirconium dichloride. 

[0099] Indeed, the metallocenes can be tailored using a number of strategies to control properties, such as the 
relative stereoselectivity and/or stereospecificities, the molecular weight, and other significant polymer properties. Met- 
allocenes having a single carbon bridged ligands have been more stereospecific than the silicon bridged analogs for 
syndiotactic specific catalysts; the carbon bridged metallocenes are generally less stereospecific than the silicon 
bridged analogs for isospecrfic catalysts. The larger the steric requirements are for the p-substituents, the more ster- 
eospecific the metal locene is. 

[01 00] The difference in the steric requirements for the conformational locks and the stereo-controlling p-substituent 
can be used to optimize the orientation of the chain end. And substituents at the a-position should result in increased 
polymer molecular weight. 

[0101] The present invention is directed to both neutral metallocenes and cationic metallocenes as evidenced by 
the subscript 1 associated with the anion P having permissible values of 0 to 2, i.e., when 1=0, the metallocenes are 
neutral and when 1=1 or 2 the metallocenes are cationic, as evidenced by the inclusion of an anion is the general 
formula. 

[0102] The metallocenes of the present invention can also be designed to produce polymers with very high tacticity 
indices depending on the desired tacticity. In order to produce tactically specific polymers from metallocenes of the 
present invention, the characteristics of the p-substituents on the bridged ligands are important. Thus, the "steric re- 
quirement" or "steric size" of the p-substituents can be designed to control the steric characteristics of metallocenes, 
so that the arrangement of p-substituents allows control of the stereochemistry of each successive monomer addition. 
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[0103] It may also be possible to strategically arrange substituents with the proper steric properties on an appropriate 
carbon(s) of the metallocene of the present invention which should serve as chain end conformational locks (preferably 
positioned in the mouth of the ligand) and which could also confer solubility (ion pair separation for better catalyst 
activity and stereospecificity) and/or insolubility (for better control of polymer morphology), as desired. The bridged 
substituted metallocenes are stereorigid, provide chain-end conformational locks, and are superior to those without 
such conformational locks. 

[0104] Prior art has shown, for example, that a methyl substituent positioned at the a-Cp position on the C 5 ring of 
bisindenyl catalysts increases the molecular weight of isotactic polypropylene produced with the EtflndJ^rClg based 
catalyst. Similarly, a methyl substituent on the C6 ring of the indenyl ring system has reduced the stereospecificity; 
depending on the positional isomerism. 

[0105] Moreover, the addition of methyl, t-Bu, OMe and Ph substituents to the coordinating groups of the ligand and 
to the bridging group R" have had steric, solubility and electronic influences on catalysts in syndiotactic and isotactic 
specific polymerizations. 

[0106] By making the sterically larger p-substituents different and/or the sterically smaller p-substituents different 
the tactioselective versions of the metallocenes of the present invention can be designed to impart any degree of 
tacticity to the resulting polymers. 

[0107] Thus, if one p-substituent is t-butyl and another is ethyl, and the other two are methyls, the tactiospecificity 
of the metallocenes will be reduced relative to the one having two t-butyls and two methyls. 

[01 08] Of course, cationic metallocenes require the anion P to maintain their net neutrality. The anion P in the general 
formula is preferentially a compatible non-coordinating or pseudo-non-coordinating anion that either does not coordi- 
nate with the metallocene cation or only weakly coordinates to the cation, yet remains sufficiently labile so that it can 
be readily displaced by a neutral Lewis base such as a monomer unit. Compatible non-coordinating or pseudo-non- 
coordinating anions are described as anions that stabilize the cationic metallocenes, but do not transfer an electron 
or electron equivalent to the cation to produce a neutral metallocene and a neutral byproduct of the non-coordinating 
or pseudo-non-coordinating anion. 

[0109] The useful size of the counterion P also depends on the bulkiness or steric requirements of the ligands. In 
addition to size, other characteristics are important for good anions or counterions, such as stability and bonding. The 
anion must be sufficiently stable so that it cannot be rendered neutral by virtue of the metallocene cation electron 
extraction and the bond strength with the cation must be sufficiently week not interfere with monomer coordination and 
chain propagation. 

[0110] A preferred procedure for producing cationic metallocenes of the present invention (1=1 or 2) involves the 
reaction of an ion-pair in a non-coordinating solvent with a metallocene of formula (I), where l=0. For example, triphe- 
nylcarbenium tetrakis(pentafluorophenyl) boronate or a similar ion-pair may be reacted with a neutral metallocene of 
the present invention in a solvent such as toluene to generate the corresponding cationic metallocene. This preparation 
method is well known in the state of the art, as described for instance in U.S. Pat. No. 5,225,550. 
[0111] A preferred application of the present invention is in the polymerization of alpha olefins, preferably ethylene 
and propylene, to produce highly linear, low, medium and high density polyethylene, as well as atactic, isotactic syn- 
diotactic, hemi-isotactic polypropylenes or mixtures thereof. However, the metallocenes of the invention may be used 
in the preparation of hemi-isotactic, isotactic or syndiotactic polymers obtained from other ethylenically unsaturated 
monomers. For example, syndiospecific, isospecific or hemi-isospecific polymers of 1-butene, 1-pentene, 1-hexene 
and styrene can be prepared using the metallocenes of the present invention. 

[0112] Addition polymerizable monomers suitable for use in this invention include ethylenically unsaturated mono- 
mers or any organic molecule having a terminal vinyl group (CH^CH), such as a-olefins (e.g. propylene, 1-butene, 
1-pentene, 1-hexene, 4-methy I- 1-pentene), vinyl halides (e.g. vinyl fluoride and vinyl chloride), vinyl arenes (e.g sty- 
rene, alkylated styrenes, halogenated styrenes and haloalkylated styrenes), dienes (e.g. 1 ,3-butadiene and isoprene). 
Polyethylene and polypropylene are probably of the greatest practical significance and the invention will be described 
in detail with reference to the production of polyethylenes and/or polypropylene polymers, but it should be understood 
that this invention is generally applicable to all addition polymerizable monomers. These catalysts may also be useful 
in the polymerization of dienes to elastomers through the inclusion of 1,4-addition instead of 1 ,2-addition. Of course, 
these catalysts may also be useful in varying the relative amounts of 1 ,2-addition versus 1 ,4-addition polymers con- 
taining conjugated diene monomers. 

[0113] The polymerization procedure using the metallocenes according to the present invention is carried out ac- 
cording to procedures known in the art, such as the one disclosed in U.S. Pat. No. 4,892,851 . 
[01 14] In the catalytic systems according to the present invention the metallocenes according to the present invention 
are used in association with various co-catalysts. Although many of the species are active alone, they can be activated 
upon the addition of various cocatalysts. Co-catalysts, usually organo-aluminum compounds such as trialkylaluminum 
trialkyloxyaluminum, dialkylaluminum halides or alkylaluminum dihalides may be used in the present invention Espe- 
cially suitable alkylaluminums are trimethylaluminum and triethylaluminum (TEAL), the latter being the most preferred 
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Methylalumoxane (MAO) is also usable in carrying out the methods of the present invention, especially for neutral 
metallocenes, in amounts well in excess of the stoichiometric equivalent. 

[0115] The alumoxanes are polymeric aluminum compounds which can be represented by the general formulae 
(R — Al — 0) n , which is a cyclic compound, and R(R — Al — 0~) n — AIRg, which is a linear compound, where R is a 
s C 1 -C 5 alkyl group, such as methyl, ethyl, propyl, butyl and pentyl, and n is an integer from 1 to 20. Most preferably, R 
is methyl and n is 4. 

[0116] Generally, in the preparation of alumoxanes from aluminum trialkyl and water, a mixture of the linear and 
cyclic compounds is obtained. The alumoxane can be prepared in various ways. Preferably, they are prepared by 
contacting water with a solution of aluminum trialkyl, such as, for example, aluminum trimethyl, in a suitable organic 

w solvent, such as benzene or an aliphatic hydrocarbon. For example, the aluminum alkyl is treated with water in the 
form of a moist solvent. In an alternative method, the aluminum alkyl can be contacted with a hydrated salt, such as 
hydrated copper sulfate. Preferably, the alumoxane is prepared in the presence of a hydrated copper sulfate: a dilute 
solution of aluminum trimethyl in toluene is treated with copper sulfate represented by the general formula CuS0 4 -5H 2 0. 
The ratio of copper sulfate to aluminum trimethyl is desirably about 1 mole of copper su if ate for 4 to 5 moles of aluminum 

15 trimethyl. The reaction is evidenced by the evolution of methane. 

[01 1 7] The ratio of aluminum in the alumoxane to total metal in the metallocene can be in the range of 0.5: 1 to 1 0,000: 
1, and preferably 5:1 to 1000:1. The solvents used in the preparation of the catalytic systems of the invention are 
preferably inert hydrocarbons, in particular hydrocarbons inert with' respect to the metallocene. 
[01 1 8] Such solvents are well known and include, for example, isobutane, butane, pentane, hexane, heptane, octane, 

20 cyclohexane, methylcyclohexane, toluene and xylene. As a further control and refinement of polymer molecular weight, 
one can vary the alumoxane concentration: higher concentrations of alumoxane in the catalytic system of the invention, 
result in higher polymer product molecular weight. 

[0119] Since, in accordance with this invention, one can produce high viscosity polymer products at relatively high 
temperature, temperature does not constitute a limiting parameter as with the prior art metallocene/alumoxane catalyst. 
25 The catalytic systems described herein, therefore, are suitable for the polymerization of olefins in solution, slurry or 
gas phase polymerizations and over a wide range of temperatures and pressures. For example, such temperatures 
may be in the range of -60°C to 280°C and preferably in the range of 50°C to 1 60°C. The pressures employed in the 
process of the present invention are those usually employed in the state of the art, preferably in the range of 1 to 500 
atmospheres and greater. 

30 [0120] In a solution phase polymerization, the alumoxane is preferably dissolved in a suitable solvent, typically an 
inert hydrocarbon solvent such as toluene and xylene, in molar ratios of about 5X1 0" 3 M. However, greater or lesser 
amounts can be used. The soluble metallocenes of the invention can be converted to supported heterogeneous catalytic 
systems by depositing said metallocenes on catalyst supports known in the art, such as silica, alumina and polyethyl- 
ene. The solid catalytic systems, in combination with an alumoxane, can be usefully employed in slurry and gas phase 

35 olefin polymerizations. 

[0121] After polymerization and deactivation of the catalyst, the obtained polymer can be recovered by processes 
well known in the art for removal of deactivated catalysts and solution. The solvents may be flashed off from the polymer 
solution and the polymer obtained extruded into water and cut into pellets or other suitable comminuted shapes. Pig- 
ments, antioxidants and other additives, as is known in the art, may be added to the polymer. 

40 [01 22] The polymer product obtained in accordance with the process of the invention have a weight average molec- 
ular weight ranging from about 500 to about 1,400,000 and preferably from about 1000 to 500,000. The molecular 
weight distribution (Mw/Mn) ranges preferably from 1 .5 to 4, but higher values can be obtained. The polymers contain 
1 .0 chain end unsaturation per molecule. Broadened MW can be obtained by employing two or more of the metallocenes 
of this invention in combination with the alumoxane. The polymers produced by the process of this present invention 

45 are capable of being fabricated into a wide variety of articles, as is known for polymer products derived from addition 
polymerizable monomers. 

[0123] The metallocene used in the present invention may be prepared by procedures known in the art, as disclosed 
in U.S. Pat. No. 4,892,851 , while the active cationic metallocenes may be produced by simply converting the neutral 
metallocenes. into the cationic state following known procedures, such as those disclosed in EP 0 277 003 and 0 277 
50 004 or by reaction with triphenylcarbenium boronates. Similarly, alcohol - B(PhF 5 ) 3 complexes can be used as anionic 
precursors for preparing the active cationic metallocenes of the present invention where the alcoholic proton reacts 
with an amine of an alkyl group on the coordinating metal atoms to generate a cationic metallocene and an alkoxide - 
B(PhF 5 ) 3 anion. 

[0124] The metallocenes of this invention can also be converted to supported heterogeneous catalytic systems by 
55 depositing the catalysts on supports including, without limitation, silica, alumina, magnesium dichloride and polystyrene 
beads. Supported metallocenes can improve the bulk density of the polymer, as further described in U.S. Pat. Nos. 
4,935,474 and 4,530,914, and EP 0 427 697 and 0 426 638. 

[0125] The metallocenes of the invention can also be chemically linked to support by placing functional groups with 
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ion pairs or Lewis acid centers or Lewis base centers on the ligands and/or supports. Supporting can also be achieved 
by using large (oligomeric or polymeric) insoluble anions as counter ions. 

[0126] The metallocene of the present invention can be used to prepare low, medium and high molecular weight 
polymers, low, moderate and high density polymers, elastomers, aspecific, isospecific, syndiospecific and/or hemi- 
isospecific polymers, not only of propylene, but of all a-olefins, such as 1-butene, 1-pentene, 1-hexene, 4-methyl- 
1 -pentene and CH 2 =CH(CH 2 ) p Si(CH 3 ) 3 where p is 1 to 4. Additionally, the metal locenes of this invention can polymerize 
singly or in mixtures all addition polymerizable monomers including vinyl monomers and diene monomers. 
[01 27] One of ordinary skill should recognize that the metallocenes of the invention, that can give rise to isoselective 
catalysts, can be separated into a meso form, which is asymmetric, and a racformthat is selective to isotactic polymers. 
The stereospecrfic rac metallocenes can be separated from the meso form by crystallization. It is well known from the 
Bercawefa/. {J. Ann. Cherry Soc. 1992, 1 14, 7607 J.E. Bercawand E.B. Coughlin.) that raometallocenes, free of the 
undesirable aspecific meso stereoisomers, can be prepared by placing suitable bulky substituents, such as Si(Me) 3 , 
on the ligand atoms in a position to the bridgehead atom. 

[0128] The metallocenes of the present invention can be used alone or in mixture with other metallocene catalysts, 
TiCI 3 /DEAC and/or TlC^/MgClg/TEAL catalysts having internal electron donors such as diisobutylypthalate, and ex- 
ternal donors, such as diphenyldimethoxysilane and methanol to produce polymers with mixed stereochemical com- 
positions, distributions or tailored molecular weight distributions. Reactor blends of polymers with optimized physical, 
thermal, mechanical and rheological properties can be tailored to produce the optimum mixture for specific applications 
requiring high melt strength, high clarity, high impact strength and high rates of crystallization, simply by mixing catalytic 
species together in appropriate ratios. 

[0129] The metallocenes of the present invention influence the rate of termination by p-hydride elimination reactions. 
This, therefore, provides a novel ligand effect for controlling polymer molecular weights. These metallocenes can be 
exploited to tailor molecular weights and hence molecular weight distributions with mixed species of the catalysts and 
any other class of catalysts. This would be advantageous in tailoring the polymer properties in HDPE, LLDPE, i-PP, 
s-PP, etc. Similarly the chain-end conformation locking substituent will influence the rate of reactivity of the new met- 
allocenes with a-olefins such as propylene, butene and hexene. The new ligand effects on the catalyst reactivity ratios 
can be exploited to produce reactor blends with varying compositions, sequences, distributions and/or molecular weight 
distributions. The metallocenes of the present invention provide improved tailored grades of polypropylene and pro- 
pyleneethylene high impact copolymers, as reactor blends or from reactors in series, including fluidized and stirred 
gas phase polymerizations. 

[01 30] The metallocenes of the present invention can also be used to produce copolymers of olefins and copolymers 
of olefins and dienes with varying degrees of tactiospecificity. 

[0131] Hereinafter is described a general process for the preparation of the metallocenes of the present invention, 
in said process, it is important that the metallocene is "pure", because low molecular weight, amorphous polymers can 
be produced by impure metallocenes. 

[0132] Generally the preparation of metallocenes comprises forming and isolating the ligand (bridged or unbridged), 
which is then aromatized or deprotonated to form a delocalized electron system or an hetero anion, and subsequently 
reacted with a metal halide or alkylide to form the final complex. 

[0133] The synthesis procedures are generally performed under an inert gas atmosphere, using a glove box or 
Schlenk techniques. The synthesis process generally comprises the steps of 1) preparing the halogenated or alkylated 
metal compound, 2) preparing the ligand, 3) synthesizing the complex, and 4) purifying the complex. 
[0134] The synthesis of the bridged ligands of the present invention having the p-substituted Cp can be prepared by 
contacting a suitable substituted fulvene with a suitable substituted cyclopentadienyl containing an anion ring, under 
reaction conditions sufficient to produce a bridged structure, to yield ligands with either C 2 or C s or pseudo-C 2 or pseudo 
C s symmetry. 

[0135] Fulvene is cyclopentadiene with an exo-cyclic methylene group at the 1 position of cyclopentadiene ring. The 
exo-cyclic methylene carbon is the 6 position of fulvene. Since this carbon can ultimately become the bridging group 
R" in formula (I), the preferred fulvenes for the preparation of the present metallocenes are 6,6-disubstituted fulvenes 
so that the resulting bridging group is a tertiary carbon atom. 

[01 36] The fulvenes useful in preparing the ligands of the present invention have substituents in the 3 and 4 positions 
Q and are generally 6,6 disubstituted, while the other sites can be substituted or unsubstituted as shown below: 



T C=C 



-R'p 
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where R'p is the substituent on the resulting Cp ring and where the T, T and the exocyclic carbon (C6 in fulvene) are 
the precursors of the structural bridging group FT. 

[01 37] As noted previously, a preferred method of converting the neutral metallocenes to cationic metallocenes useful 
in the present invention involves reaction of the neutral metallocenes with a triphenylcarbenium boronate. A preferred 

5 reactant is triphenylcarbenium tetrakis (pentafluorophenyl) boronate. 

[0138] The catalysts of the present invention can also be used to prepare pre-polymerized catalysts according to 
methods known in the art, such as the one disclosed in U.S. Pat. Nos. 3,893,989, 4>200,171, 4,287,328, 4,316,966 
and 5,122,583. The pre-polymerized catalysts can be prepared in the presence of cocatalysts, such as the ones de- 
scribed previously and optionally in the presence of various electron donors. 

10 [0139] Preferred pre-polymerized metallocenes of the present invention have a weight ratio of polymer/metallocene 
of approximately 0.1 - 100; ratios of less than 10 are particularly preferred. The syntheses are conveniently done at 
room temperature or lower in low boiling solvents which are readily evaporated in vacuo. 

EXPERIMENTAL PART 

15 

[0140] PPA means polyphosphoric acid, the synthesis of which is described in F.D. Popp and W. E. McEwen, Chem. 
Rev, 58, 321 (1958); F. Uhlig and H.R. Snyder, Advances in Organic Chemistry, 1, 35(1960). 

EXAMPLE 1 

20 

[0141] Synthesis of bis(2-methylthiapentenyl)zirconium dichloride 

a. Synthesis of 4,5-Dihydro-5-methyl-6H cyclopenta(b)thiphene-6-one 

25 [0142] [The following is a modification of the procedure originally described by O. Meth-Cohn, S. Gronowitz, Acta 
Chemica Scandinavica, 20 (1 966) 1577 - 1587.] 

[0143] A solution containing thiophene (65.7 g. 781 mmol), methacrylic acid (66.56 g. 773 mmol), and methylene 
chloride (50 mL) were added dropwise to a solution of PPA (prepared above) over a 1 h. period, while maintaining the 
temperature at 50°C. The reaction mixture was stirred an additional 2 h. then poured onto 1 L of ice (prepared in a 2L 

30 sep.funnel), and the organic layer collected with methylene chloride in hexane solution (30%, 100 mL) The organic 
layer was then washed with water (250 mL), a saturated solution of sodium bicarbonate (2 x 250 mL), followed by 
water (2 x 250 mL). The organic layer collected in this fashion was then dried over magnesium sulfate, filtered and 
dried in vacuo yielding 93.5 g of a dark brown, slightly viscous oil. Further distillation of this material produced 52.2 g 
(1 mmbar, 92°C - 98°C) of the target material. 

35 Yield = 44%. 1 H NMR: CDCI 3 ppm; 7.85 (d, 1 H) 6.95 (d, 1 H), 2.4 - 3.3 (m, 2H), 1 .25 (d, 3H). 

b. Synthesis of the 5-methyl-1-thiapentalenyl hydrazine 

[01 44] [The following is a modification of the procedure originally described by Hendrich Volz and Henrich Kowarsch, 

40 Jet Lett. , 48 (1 976) 4375] . 

[0145] Absolute ethanol (300 g) was treated with a vigorous stream of gaseous hydrochloric acid until saturated. 
Toluene-4-sulfono hydrazine (64 g. 343 mmol) was added as a dry powder, forming a white slurry. 4,5-Dibydro-5-methyl- 
6H-cyclopenta(b)thiphene-6-one (52.2 g. 343 mmol) was added dropwise over a 30 minute period. The solution turned 
to a clear, straw colored liquid, then formed a white precipitate which was collected by filtration. The precipitate was 

45 washed with THF (800 mL) then dried in vacuo. Yield: 100 g (91 .5%). 

c. Synthesis of 5-methyM-thipentalene 

[0146] 5-methyl-1-thiapentalenyl hydrazine (12.8 g. 40 mmol) was slurried in diethylether (100 mL) and the temper- 
50 ature lowered to -78°C. Methyllithium (100 mmol, 1 .6 M solution in diethylether, 62.5 mL) was added dropwise. The 
temperature was allowed to rise to ambient stirring was continued for 16 h with the color turning deep purple. A deox- 
ygenated saturated aqueous ammonium chloride solution was added dropwise (2 mL) and stirred for an additional 15 
minutes, the color of the solution turning yellow. The slurry was then tittered through a medium porosity frit and the 
solids were washed repeatedly with fresh diethylether (250 mL). The diethylether in the filtrate was then removed in 
55 vacuo and a dark brown oil recovered (1 .62 g. 30 %). Mass spectrum (typical, first isomer; m/e (RA): 136 (11 .4), 134 
(100), 121 (25), 77(12). 
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d. Synthesis of bis(2-methylthiapentenyl)zirconium dichloride 
Zirconium tetrachloride 



S^JSS^SWi^ 2 P ° Wder l ° 5 - methyM ^"talenyl "thium salt (400 mg, 3.6 mmol) 
StE^o th \ ( mL) W6re add6d t0 make a slurf y- 71,8 slur, y was st '™° an additional 16 h after 

wh,ch time the solvents were removed in vacuo and a bright yellow free flowing powder was recovered « nl J a ml 

r 5 H)T 7 ;;:i p H^ 



EXAMPLE 2 



run in a BOo^T*™?^^. ^-"^M^"*"*) zirconium dichloride Ethylene polymerizations were 

wfh 5 mL of H 6 n °! h , * -?: eSSUre W3S maintain6d 3t 3 barf ° r 8 minutes after whi <* time the reaSon waTquenched 
mL and me ha oU80 mU Z™*" T P0Ured ' m ° 8 de9Shin 9 SOlution -"fining HCI ,1 

S d " 2 6 g 47 (d^) SamC ^ " VaCU ° Und6r mi ' d h6at (50 ° C ' 3 h >" 



EXAMPLE 3 



EXAMPLE 4 

[0150] Synthesis of dimethylsilylbis(2-methyrthiapentenyl)2irconium dichloride 

a. preparation of 5-methyl-1-thiapentalene: 

[0151] The synthesis was carried out according to above described Example 1 c. 

b. Synthesis of dimethylsilylbis(2-methylthiapentenyl): 

and contents were allowed to warm to room temperature and stirring was continued for 3 h In sepaS Lsk dS 
yld.ch oros.lane (0 77 g. 5.9 mmol. 0.78 mL) was dissolved in 20 mL of THF and th temped to ™c 
The slurry containing the S-methyl-1-thipentalene anion was added dropwise to the st£ed SoTtS flw »nH 
SET T 6 th6n a "° Wed 10 W3rm 10 r °° m tem P era ture. A sample was taken for ana j 2?q ed I5h atura tad 
TT, T^l a ^° n,Um Ch '° ride - dried over magnesium sulfate, filtered, concentrated in vacuo tZ ^submTtteo 

ZV£g^%S^££ Mass spectrum ( " e (RA): 328 ™ 193 < 100 > • -™ 

c. Synthesis of dimethylsilylbis(2-methylthiapentenyl) zirconium dichloride 
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and pentane was added. Pentane was then evaporated and replaced with toluene and the solution was stirred overnight. 
The solids were filtered and the filtrate dried in vacuo. Yield: 1 .49 g (54%). 

EXAMPLES 

5 

Propylene polymerization with dimethylsilylbis(2-methylthiapentenyl)zirconium dichloride 

[0154] Propylene polymerizations were run in a 500 mL glass reactor with indirectly coupled magnetic stirring. Cat- 
alyst (20 mg) was added to a 10 mL glass vial and MAO was added (5.0 mL, 10 wt% in toluene). The reactor was 
10 purged of any residual nitrogen and replaced with propylene. Propylene was added to the reactor and the pressure 
was maintained at 3 bar for 60 minutes after which time the reaction was quenched with 5 mL of distilled water. The 
reactor contents were then poured into a deashing solution containing 1 20 mL 4N HCl and 80 mL methanol. The organic 
layer was dried in vacuo under mild heat (700C, I h). Yield: 19.6 g white free flowing polymer, [tj]THN = 0.49 (dl/g). 

15 EXAMPLE 6 

Synthesis of isopropylidene[cyclopentadienyl-(7-cyclopenadithiophene)]zirconium dichloride 

a. Synthesis of 7H-cyclopenta[1 .2-b: 4.3-b , ]dithiophene 

20 

[0155] 7H-cyclopenta[1 .2-b: 4.3-b']dithiophene (referred to in the following examples as cyclopentadithiophene) was. 
synthesized according to the procedure originally described by A. Kraak et al, Tetrahedron, 1968, 24, 3381-3398. 

b. lsopropylidene(7H-cyclopentadithiophene)(cyclopentadiene). 

25 

[0156] A solution of cyclopentadithiophene (1 .0 g. 5.62 mmol) in ether (15 mL) was cooled to -78 C and treated with 
n-butyllithium (5.75 mmol, 2.3 mL of 2.5 M solution in hexanes,). After stirring at 0° C for 2 h. a solution of 6,6-dimeth- 
ylfulvene (0.60g, 5.62 mmol) in ether (5 mL) was added over a 30 minute period. The temperature was held at 0° C 
for 1 h and then the contents were warmed to 25 C and stirred for 1 6 h. The reaction was stopped by adding a solution 
30 of saturated NH 4 CI (15 mL). The organic layer was separated, washed with saturated salt solution (2x15 mL), and 
dried over MgS0 4 . After filtration, solvents were removed by rotoevaporation to an oily residue. The product was 
crystallized from a mixture of methanol/acetone as a white solid (700 mg, 44%). Proton NMR (CDCI 3 ) ppm: (2 isomers) 
7.23 (d. 2H), 7.10 (d. 2H), 6.1-6.8 (m, 3H), 3.1 (m, 2H), 1 .18, 1 .29 (2s, 6H). Mass spectrum: C17H16S2 PM= 284. 

35 c.lsopropylidene[cyclopentadienyl-(7-cyclopenatadithiophene)] zirconium dichloride. 

[0157] A solution of isopropylidene(7H-cyclopentadithiophene) (cyclopentadiene) (540 mg, 1.9 mmol) in THF (20 
mL) was cooled to -78 C and treated with n-butyllithium (4.0 mmol, 1 .6 mL of 2.5 M solution in hexanes). The reaction 
contents were slowly warmed to O C and stirring continued for 4 h giving a dark red solution. Solvents were removed 
40 in vacuo at 0°C and the residue was reslurried in ether (15 mL) at -78 C. ZrCI 4 (0.443 g. 1 .9 mmol) was added as a 
slurry in pentane (10 mL) by cannula and the reaction contents were slowly warmed to room temperature while stirring 
for 16 h. The precipitated crude product was collected on a closed frit, washed with ether and pentane and dried in 
vacuo (yield: 1 .0 g). A sample of the title compound used in polymerization tests was obtained by extraction with toluene 
at 50°C. 

45 [0158] Proton NMR (CD 2 CI 2 ) ppm, 6, 7,42 (d, 2H), 7,21 (d, 2H), 6,44 (t, 2H), 5,84 (t, 2H), 2,05 (s, 6H). 
EXAMPLE 7 

Ethylene polymerization with isopropylidene[cyclopentadienyl-(7-cyclopentadithiophene)]zirconium dichloride 

50 

[01 59] Ethylene polymerizations were run in a 500 mL glass reactor with indirectly coupled magnetic stirring. Catalyst 
(10 mg) was added to a 10 mL glass vial and MAO was added (2.5 mL, 10 wt% in toluene). An additional 2.5 mL was 
added to the toluene solution used as the polymerization solvent. The solution containing the catalyst/MAO was added 
to the reactor containing the toluene/MAO via cannula. The reactor was purged of any residual nitrogen and replaced 
55 with ethylene. Ethylene was added to the reactor and the pressure was maintained at 3 bar for 8 minutes after which 
time the reaction was quenched with 5 mL of distilled water. The reactor contents were then poured into a deashing 
solution containing HCl (4 N, 120 mL) and methanol (80 mL). The organic layer was washed with water and polymer 
solids were collected by filtration and washed with fresh methanol. The polymer was dried in vacuo under mild heat 



27 



(50°C, 3 h). 

Yield: 4.3 g; I.V. (THN) = 3.7 (dl/g). 
EXAMPLE 8 



Propylene poU™,™,™ „ m isopropy.idene |cyolo 1 ,e„,.die™y 1 .(7^,o p er«d»hk>phe„ s ) l a***, die,,™, 
EXAMPLE 9 

Synthesis of isopropyliden^ zjrconium 

a. Synthesis of 7H-cyclopenta[1 .2-b: 4.3-b']dithiophene 

b. preparation of 3-t-butyl-6,6-dimethylfulvene 

c synthesis of isopropylidene(3-t.butylcyclopentadienyl)(7H-cyclopentadithiophene) 

h at o-c, and then at room tempera ture for 16 f Th* Si 9> u° mL) WaS added dr ° PWiS6 ' stirred ,or2 

of NH 4 CI (10 mL) The ^eoXave JZ ltL* 7 Z ^ by S '° W addition 0f a saturated 

combined dried over MaSO fil ered Th P .'J r^*" W,th * ther and discarded - The organic fractions were 
acetone and ^3^^ 

d.lsopropylidene[t-butylcyclopentadienyl-(7-cyclopentadithiophene)] zirconium dichloride 

was added dropwise. The solution turned dark brown was s r ed an IriSJ fn , SOlUt ' 0n hSXane) 

and the mixture of solids wer ^ suspended fn^entene E£.n ' h !? ^ ^ (2 5 mmo1 ' 0 56 * was added 
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EXAMPLE 10 

Propylene polymerization with isopropylidene[t-butylcyclopentadienyl-(7-cyclopentadithiophene)] zirconium dichloride 

5 [0165] Propylene polymerizations were run in a 250 mL glass reactor with indirect coupled magnetic stirring, internal 
temperature probe, and external temperature bath. The reactor was charged with toluene (100 mL) and MAO (3 mL, 
10 wt/% solution in toluene from Witco Corp., 4.7 wt% Al). The contents was thermostated at 50°C under stirring. The 
desired amount of a calibrated metallocene/toluene solution was added and stirred for 5 minutes. Propene gas was 
added to the desired pressure. Monomer pressure and temperature were kept constant during the run. The reaction 

10 was stopped after 1 h by venting the pressure and adding 5 mL of acidified methanol. The contents of the reactor were 
quantitatively transferred into an acidified methanol solution under vigorous stirring for several minutes before sepa- 
rating the organic fraction. After thorough washing with water, solvents were removed by rotoevapo ration. The polymer 
was dried in vacuo under mild heat. Yield: 28 g polymer. I.V. 0,3 dl/g; mp.: 128 °C; mrrm: 2,9 mol%. 

15 EXAMPLE 11 

Synthesis of bis(4-phenyl-2,6-dimethyl-thiopentalene) zirconium dichloride 

a. Preparation of 3,4-bischloromethyl-2,5-dimethylthiophene 

20 

[0166] In a 2 L round bottom flask equipped with 100 ml dropping funnel and mechanical stirring was added 
2,5-dimethylthiophene (253.6 g, 2.26 mmol) and HCI (41 .3 g, 1.13 mol, 94.5 mL of a 37 wt% solution). HCI gas was 
added in a slow stream for 5 minutes prior to the dropwise addition of a solution containing (aqueous) formaldehyde 
(69.1 g, 2.3 mol, 172 mL of a 37 wt% solution). The temperature was maintained between -15°C and 0°C during the 
25 course of addition (1 h 20 min). After completion of the addition, the contents was stirred an addition 1 h. The reaction 
mixture was quenched with H20 (400 mL), and the organic layer collected with diethylether (400 mL). The organic 
layer was washed with a saturated solution containing Na2C03, water, dried over magnesium sulfate, filtered, then 
the solvents were removed in vacuo to yield 349.0 g of reaction product. Further purification by vacuum fractional 
distillation at 190 mtorr yields to 60.54 of the desired product. 

30 

b. Synthesis of 4-phenyl-2,6-dimethyl-thiopentalene-4-of 

[01 67] In a 2 L round bottom flask with mechanical stirring was added magnesium powder (29 g, 1 .2 mol) and covered 
with THF (20 mL). Then the turnings were activated with 5 crystals of iodine and dibromoethane (1 .5 mL). After activation 

35 was complete, THF was removed and replaced with fresh THF. A solution containing 3,4-bis-chloromethylthiophene 
(42.8 g, 205 mmol) in THF (1 L) was added dropwise and stirred for additional 1 8 h. A solution containing Methylbenzoat 
(29 g, 213 mmol) dissolved in THF (220 mL) was added dropwise to the rapidly stirred solution and the mixture was 
stirred an additional 5 h. The reaction mixture was then quenched by adding a mixture of THF/water, then H20 (200 
mL) was added and the organic fraction was collected with dry diethylether. The organic layer was then dried over 

<*0 MgS04, filtered, and the solvents were removed under vacuum to yield 61 .9 g of a bright orange oil, containing 57% 
of the desired product. (71% isolated yield) 

c . Synthesis of 4-phenyl-2,6-dimethyl-thiopentalene 

45 [0168] In a 2 L round bottom flask with reflux condenser was placed the alcohol to be dehydrated (45.9 g) was 
dissolved in toluene (100 mL). Paratoluensulfonic acid monohydrate (1.6 g) and 1 g Amberlite IR-120 were added. 
The contents were heated to reflux for 4 h, then the flask and the contents were allowed to cool to room temperature. 
The organic layer was collected, washed repeatedly with H20, dried over MgS04. After filtration, the solvent was 
removed by rotoevapo ration to yield 41 .45 g of a dark brown oil. 

50 

d. Synthesis of bis(4-phenyl-2,6-dimethylthiopentalene) zirconium dichloride 

[0169] In a 100 mL round bottom flask with stirring bar and sidearm was added a 80% mixture (2.8 g, 10 mmol) 
containing 4-phenyl-2,6-dimethyl-3-ene(b)thiophene. The complex was dissolved in dry diethylether (50 mL), then n- 
55 butyllithium (12.5 mmol, 5 mL of a 2.5 M solution) was added dropwise at room temperature. The mixture was stirred 
for 1 h forming a bright orange solid precipitate which was collected by removing the solvent in vacuo. Zirconium 
tetrachloride (1.16 g, 5 mmol) was added and the solids were suspended in pentane (50 mL). The reaction mixture 
was stirred for 18 h, then the solids were collected by filtration, washed with fresh pentane, and dried in vacuo. A portion 
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of the solids collected in this fashion were dissolved in toluene, then filtered. The toluene was removed in vacuo and 
1 .38 g of a dark red glassy free flowing solid was collected. 
1H- NMR: 5 ppm: 7.25 (m, 10H), 5.78 (s, 4H), 2.44 (s, 6H). 

EXAMPLE 12 

Propylene polymerization with bis(4-phenyl-2,6-dimethyl-thiopentalene)zirconium dichloride 

[0170J A 250 ml_ glass reactor bottle was charged with 100 mL toluene. A solution containing bis(4-phenyl-2,6-dime- 
thyl-thiopentalene)zirconium dichloride (5 mg), and MAO (5 mL, 10 wt% in toluene) was added. The reactor was sealed 
and the pressure was raised to 4 bar with p ropylene gas. Temperature was controlled at 40°C during the polymerization. 
After 1 h, the reactor was purged with nitrogen and the solution quenched with an aqueous solution containing 30% 
(v/v) HCI (37 wt%) and 30% methanol. After filtration of the toluene soluble material, the solvent was removed In vacuo. 
Yield: 300 mg polymer. %m=75,4; ti=512 (by NMR) 

EXAMPLE 13 

Preparation of dimethylsilylbis(1-phenyl-2,5-dimethyl-1-azapentalene-4-yl)zirconium dichloride 

a. Synthesis of 1 -phenyl-2-methylpyrrole I 

[0171] Butyllithium (0.700 mol, 280 mL of 2.5 M solution in hexane) was added slowly at room temperature to a 
mixture of 1-phenylpyrrole (0.695 mol, 100g) and TM EDA (0.700 mol, 106 mL) in hexane (80 mL) and stirred for 3 h. 
The slurry was diluted with 300 mL of THF and iodomethane (0.771 mol, 48 mL ) was added slowly maintaining the 
temperature between 35-40 ° C. After stirring at room temperature for 16 h, 250 mL of water were added and the 
organic layer was separated. The aqueous layer was extracted with ether (2 x 100 mL) and the combined organic 
fractions were dried over MgS0 4 . After filtration, evaporation of solvents and TMEDA yielded 107 g of light brown oil 
(98% yield, +95% purity by GC). 1 H-NMR § (CDCL 3 ) : 7.29-7.44 (m, 5H), 6.80 (m, 1H), 6.23 (m, 1H), 6.08 (m, 1H), 
2.24 (s,3H). 

b. Synthesis of 1-phenyl-5-methyl-2-pyrrolecarboxaldehyde II 

[0172] POCI 3 (0.375 mol, 35 mL) was added dropwise to 37 mL of DMF and stirred for 1 0 min. The temperature was 
lowered to 0°C and a mixture of I (55 g, ca. 0.340 mol) and DMF (7 mL) was added dropwise. The viscous solution 
was slowly wanned to 50 °C and stirred for 1 h. After cooling to room temperature, the flask was opened to the air and 
charged with 350 g of crushed ice. A 20 wt% solution of NaOH (430 mL) was added cautiously and the mixture was 
immediately heated to 90-95 °C and stirred for 10 min. 

[0173] The flask was placed in an ice bath and the product solidified upon cooling. The solids were collected on a 
filter funnel, washed with water, redissolved in dichloromethane, and dried over MgS0 4 . After filtration, evaporation of 
the solvent yielded 38 g of light brown solids (60 % yield). 1 H-NMR showed the crude product to be a mixture of 

1- phenyl-5-methyl-2-pyrrolecarboxaldehydeand 1-phenyl-2-methyl-3-pyrrolecarboxaldehyde inca. 4:1 ratio. Spectra- 
scopically pure 1-phenyl-5-methyl-2-pyrrolecarboxaldehyde was obtained by recrystallization from ether. 

[0174] The assignment of the two isomers was confirmed by NOESY NMR experiment 

1 H-NMR 8 (CDCL 3 ) of 1-phenyl-5-methyl-2-pyrrolecarboxaldehyde: 9.26 (s, 1H, PyCOH), 7.43 (m, 3H, ArH), 7.22 (m, 
2H, ArH), 7.00 (d, 1H, PyH), 6.12 (d, 1H, PyH), 2.04 (s, 3H, PyCH 3 ) , mp 85 °C. 1 H-NMR 5 (CDCL 3 ) of 1-phenyl- 

2- methyl-3-pyrrolecarboxaldehyde: 9.88 (s, 1 H, PyCOH), 7.43 (m, 3H, ArH), 7.22 (m, 2H. Ar hi), 6.68 (d, 1 H, PyH), 6.62 
(d, 1H, PyH), 2.39 (s, 3H, PyCH 3 ). 

c. Synthesis of Ethyl p-(1-phenyl-2-methylpyrrol-5-yl)methacrylate (III) 

[0175] Triethyl 2-phosphonopropionate (93.3 mmol, 20 mL) was diluted with THF (1 5 mL) and added slowly to NaH 
(130 mmol, 3.16 g) in THF (40 mL) at 0 °C. Stirring was continued at room temperature for 30 min. after gas evolution 
had ceased. The temperature was lowered to -1 0 °C and a solution of (II) (86.5 mmol, 1 6.0 g) in 50 mL THF was added 
dropwise. The flask and contents were wanned to room temperature over a 30 min. period resulting in a thick precipitate 
which decoupled the magnetic stirrer. A saturated solution of NH 4 CI (50 mL) was added cautiously dissolving the 
precipitate. After evaporating THF, the crude product was extracted with ether (2 x 1 00 mL), washed with brine solution, 
dried over MgS0 4 , filtered and evaporated to a brown oil. Yield: 22.5 g (96.5 %) of spectroscopically pure 
product. 1 H-NMR (CDCLj): 7.41 (m, 3H, ArH), 7.15 (m, 3H, ArH (2 H's) + PyCHC(CH 3 )(C0 2 Et)) t 6.60 (d, 1H t PyH), 
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6.12 (d, 1H, PyH), 4.04 (q, 2H, OCH 2 CH 3 ), 2.09 (s, 3H, PyCHCtCHjXCOjjEt)), 2.00 (s, 3H, PyCWj), 1.12 (t, 3H, 
OCHgCHj). 

d. Synthesis of Ethyl 0-(1-phenyl-2-methylpyrrol-5-yl)isobutyrate (IV) 

5 

[0176] A solution of (III) (10 g, 37 mmol) in ethanol (50 mL) was stirred under 3.5 bar of hydrogen pressure at room 
temperature with 300 mg of 1 0% Pd on carbon for 1 h. Evaporation of the filtered golden.solution gave ethyl p-(1 -phenyl- 
2-methylpyrrol-5-yl)isobutyrate as a yellow syrup (9.4 g, 95% pure by GC). 1 H-NMR 8 (CDCI 3 ): 7.43 (m, 3H, ArH), 7.23 
(m, 2H, ArH), 5.92 (m, 2H, PyH), 4.00 (q, 2H, OCH 2 CH 3 ), 2.70 (m,.1H f PyCH 2 CH(CH 3 )(C0 2 Et)), 2.46 (m, 2H, 
10 PyCH 2 CH), 2.00 (s, 3H, PyCH 3 ), 1 .21 (t, 3H, OCH 2 CH 3 ), 1 .05 (d, 3H, CH(CA^)(C0 2 Et)). ms (m/e) (rel intensity): 271 
([M+], 23), 170 (100), 154 (12), 128 (6), 77 (10). 

e. Synthesis of Ethyl 0-(1-phenyl-2-methylpyrrol-5-yl)isobutyric acid (V) 

is [0177] A mixture of (IV) (9.4 g of crude oil, ca. 33 mmol) and Claisen's reagent (1 8 mL) were heated at 90-95 °C for 
1 h.. After cooling to room temperature, the solution was diluted with 15 g of crushed ice and acidified to pH 1-2 with 6 
N HCI. The brown oily precipitate was dissolved in ether, washed with brine solution, dried over MgS0 4 , filtered and 
evaporated to waxy solids. Triteration of the solids with pentane afforded 6.6 g of V as a tan powder (84.7 % yield). 
1 H-NMR 8 (CDCI 3 ): 7.43 (m, 3H, ArH), 7.21 (m, 2H, ArH), 5.92 (m, 2H, PyH), 2.72 (dd, 1H, PyCH 2 CH(CH3)(C0 2 Et)), 

20 2.46 (m, 2H, PyCH 2 CH), 2.00 (s, 3H, PyCH 3 ), 1 .05 (d, 3H, PyCH 2 CH(CH 3 )). 

f. Synthesis of 1-phenyl-5,6-dihydro-2,5-dimethyl-cyclopenta[b]azaphene-4-one (VI) 

[0178] A solution of (V) (25 mmol, 6.0 g) in dichloroethane (45 mL) was added slowly to 100 g of 87% PPA at 85-90 
25 °c and stirred for 3 h. The mixture was cooled to room temperature, 200 g of crushed ice were added, and stirring 
continued until all PPA had dissolved. The lower organic layer was separated and the aqueous layer was extracted 
with dichloromethane. The combined organic fractions were washed with K 2 C0 3 , brine solution, dried over MgS0 4 , 
filtered and evaporated to an oil which solidified upon standing for 16 h. The solids were triterated with hexane/ether 
and dried under vacuum. 

30 [0179] Yield 2.85 g of white powder (51 %). 1 H-NMR 8 (CDCI 3 ): 7.44 (m, 3H, ArH), 7.23 (m, 2H, ArH), 6.12 (s, 1H, 
PyH), 2.90 (m, 2H, PyCH 2 ), 2.32 (d, 1H, PyCH 2 CH(CH 3 )CO-), 2.09 (s, 3H, PyCH 3 ), 1.19 (d, 3H, PyCH 2 CH(CH^)CO-). 
ms (El) (rel intensity): 223 ([M + -2], 4), 205 (4), 149 (100), 121 (3), 104 (5), 93 (3), 76 (5). mp 106 °C. 

g. Synthesis of the hydrazone of the ketone (VII) 

35 

[0180] The ketone (VI) (31 mmol, 7.0 g), p-toluenesulfonhydrazide (36 mmol, 6.7 g), and p-toluenesulfonic acid 
monohydrate (6.3 mmol, 1 .2 g) were dissolved in 50 mL of absolute ethanol and stirred at 65 °C for 24 h. After cooling 
to room temperature and standing for several hours, the precipitated product was collected on a filter funnel, washed 
with ether and dried under vacuum (yield 5.0 g) Solvents were removed from the filtrate and an additional 1 .2 g of 
^0 product were crystallized from an ether/toluene solution of the oily residue. Total yield: 6.2 g (51 %) of light gray powder. 
1 H-NMR 8 (CDCI 3 ): 7.80 (d, 2H, ArH), 7.39 (m, 3H, ArH), 7.17 (m, 4H, ArH), 6.23 (s, 1H, PyH), 3.25 (tt,.1H, PyCH 2 CH 
(CH 3 )CN-), 2.89 (dd, 1 H, PyCH 2 ), 2.35 (s, 3H, PyCH 3 ), 2.24 (dd, 1 H, PyCH 2 ), 2.10 (s, 3H, Me ), 1 .15 (d, 3H,.PyCH 2 CH 
(CH 3 )CN-). mp 156°C(dec). 

45 h. Synthesis of 1-phenyl-2,5-dimethyl-1-azapentalene (VIII) 

[0181] The hydrazone (VII) (12.7 mmol, 5.0 g) was slurried in 20 mL of THF, cooled to 0 °C, and treated with 2.1 eq 
of butyllithium (10.6mLof 2.5 M BuLi in hexane).The mixture was slowly warmed to room temperature and an additional 
1 0 mL of THF were added giving a dark solution. After 2 h, precipitates had formed and ether was added (ca. 30 mL) 

50 to further precipitate the product. The solids were collected on a closed filter funnel, washed with ether, and dried in 
vacuo (7.5 g). 1 H-NMR of the crude product, protonated with wet CDCI 3 , showed a mixture of two isomers. The solids 
were suspended in hexane (100 mL) and treated with a saturated solution of NH 4 CI. The hexane layer was separated, 
dried over MgS0 4 , filtered and evaporated to an oil (1 .0 g yield, 85 % purity by GC/MS). Proton NMR of the oil showed 
a single isomer. 1 H-NMR 8 (CDCI 3 ): Isomer 1 - 7.33 (m, 5H, ArH), 5.96 (s, 1H), 5.86 (s, 1H.) 3.15 (s, 2H,CH 2 of C 5 

55 ring), 2.21 (s, 3H, PyCHj), 2.04 (s, 3H, CH 3 at C-5). Isomer 2 -7.33 (m, 5H, ArH), 6.11 (s, 1H), 5.85 (s, 1H), 3.15 (s, 
2H, CH 2 of C 5 ring), 2.18 (s, 3H, PyCH 3 ), 2.00 (s, 3H, CH 3 at C-5). me (El) (rel intensity): 209 (100), 194 (27), 167(5), 
117 (4), 91 (5), 77(13). 
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(i) Synthesis of dimethylsilylbis(4-phenyl-2,5-dimethyl-4-azapentalene) (IX) 

[0182] l-phenyl-2,5-dimethyl-1-azapentalene (7.18 mmol, 1 .5 g) was dissolved in ether (40 mL), cooled to -78 °C, 
and treated with 7.5 mmol of butyllithium (3 mL of a 2.5M solution in hexanes). The solution was warmed to room 
temperature and stirred for2 h. The precipitated lithium salt was collected on a closed filter funnel, washed with pentane, 
and dried in vacuo. The salt (700 mg) was redissolved in THF (40 mL), cooled to -78 °C and 0.2 mL (1 .63 mmol) of 
dichlorodimethylsilane was injected with a gas tight syringe. The solution was heated to 55 °C and stirred for 16 h. 
Solvents were removed in vacuo and the crude product was used without further purification (The ligand was obtained 
as a mixture of isomers). 1 H-NMR 5 (CD 2 CI 2 ): 7.42-7.62 (m, 10H, ArH), 6.45, 6.42, 6.21, (3 s, 4H), 5.86 (s, 1H,) 3.62 
(s, 2H), 2.48, 2.45, 2.43, 2.41 (4 s, 12 H), -0.06, -0.08, -0.11 (3 s, 6H). 13 C -NMR (CD 2 CI 2 ): 129.4, 126.4, 126.1 (Ar), 
117.9, 104.6 (olefinicCH), 42.5 (CH), 18.0 (CH 3 ), 14.3 (CH 3 ), -7.1,-7.3, -7.6 (Si-CH 3 ). me (El) (rel intensity): 474 (29)! 
266 (100), 251 (11), 208 (21), 192 (13), 77 (5). 

(ii) Synthesis of dimethylsilylbis(4-phenyl-2 ! 5-dimethyl-4-a2apentalenyl)zirconium dichloride (X). 

[0183] Product IX (1 .1 g) was dissolved in ether (20 mL), cooled to -78 °C, and treated with 4.8 mmol of butyllithium 
(1 .9 mL of a 2.5M sol. in hexanes). The solution was warmed to room temperature and stirred for 16 h. The precipitated 
dianion was collected on a closed filter funnel, washed with pentane and dried in vacuo to a tan powder (0.7 g). The 
dianion was mixed with 0.32 g of 2rCI 4 , cooled to -78°C, and treated with 20 mL of cold dichloromethane (-78 °C). The 
flask and contents were slowly warmed to room temperature, stirred for 4 h, and filtered. The filtrate was evaporated 
to a brown free flowing powder and used in polymerization tests without further purification. 

EXAMPLE 14 

Propylene polymerization with dimethylsilylbis(4-phenyl-2,5-dimethyl-4-azapentalene-4-yl)zirconium dichloride 

[0184] Propylene polymerizations were run in a 250 mL glass reactor with indirect coupled magnetic stirring, internal 
temperature probe, and external temperature bath. The reactor was charged with 1 00 mL of toluene. 10 mg of X in 5 
mL of toluene were mixed with 3 mL of MAO (10 wt% solution in toluene from Witco Corp., 4.7 wt% Al) and charged 
to the reactor stirring at 25 °C. The reactor was pressured to 4 bar with propylene and the temperature was raised to 
50 °C. The polymerization was stopped after 1 h by venting the pressure and injecting 5 mL of acidified methanol. The 
contents of the reactor were transferred into an acidified methanol solution under vigorous stirring for several minutes. 
After separating the organic fraction and washing with water, solvents were evaporated and the polymer was dried 
under vacuum and mild heat. Yield = 1 5 g of free flowing powder (Mw = 47,000, DSC melting point = 1 53 °C, 13 C-NMR 
mrrm pentad = 0.6 mol %). 

EXAMPLE 15 

Synthesis of dimethylsilyl(2-methylthiopentalene)(2-methylindene)zirconium dichloride 
a. Synthesis of dimethylsilyl(2-methylthiopentalene) chloride 

[0185] In a 500 mL round bottom flask equipped with sidearm, stirring bar, and 125 mL dropping funnel was added 
31 .9 g (1 00 mmol) of the asymmetric thiopentahydrazine dissolved in THF (70 mL). N-Butyllithium (250 mmol, 1 00 mL 
of a 2.5 M solution in hexane) was added dropwise. The reaction was stirred for an additional 5 h. after addition was 
complete. The reaction was then quenched with 250 mmol water (4.5 mL H 2 0 in 50 mL Et 2 0). The organic layer was 
collected with Et 2 Q, dried over magnesium sulfate, filtered, then rotary evaporated to give a dark brown oil. 



Results: 


area % 


BTR 


7.6% 


PM= 136 


79.6% 


ATR 


12.8% 



[0186] In a 250 mL round bottom flask with sidearm, stirring bar, and 60 mL dropping funnel was added the olefin 
(10 g, 73.5 mmol) prepared above, dissolved in THF (15 mL). N-Butyllithium (73.5 mmol, 29.4 mL of a 2.5 M solution 
in hexane) was added dropwise, and the reaction was stirred for 16 hours. Then the solvents were removed in vacuo 
and the solids were washed with pentane. In a separate 500 mL flask equipped with 125 mL dropping funnel was 
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prepared dimethyldichlorosilane (19.3 g, 150 mmol, 18.2 mL, 1 .5 eq.) dissolved in THF (30 mL). The anion prepared 
above was dissolved in THF (125 mL) and added dropwise to the silane solution. The reaction mixture was stirred 30 
minutes after addition was complete, then the solvents were removed in vacuo. An orange oil with orange solids was 
recovered. 

b. Synthesis of dimethylsilyl(2-methylindenyl)(2-methylthiopentalene) 



10 



15 



20 



25 



30 



35 



[0187] In a 250 mL round bottom flask with sidearm, stirring bar, and 60 mL dropping funnel was added 2-methylin- 
dene (13 g, 100 mmol, product made by Boulder) dissolved in THF (20 mL). N-Butyllithium (100 mmol, 40 mLof a 1 .6 
M solution in hexane) was added dropwise at room temperature. Afteraddition was complete, the flask and contents 
were stirred an additional 2 h. A solution containing dimethylsilyl(2-methylthiopentalene)chloride in THF (30 mL) was 
added dropwise at room temperature. 

[0188] Stirring was continued for 1 hour, after which time the reaction was quenched with 30 mL of a 30% water/ 
THF mixture, concentrated on a rotary evaporated, and a sample submitted for analysis. 
[0189] Results from GC of total reaction product: 



BTR 


0.7 


PM = 130 


61 .9% (2-methylindene starting material) 


MTR 


1.6% 


PM = 322 


31.7% (target) 


ATR 


4.1% 



[0190] Mass spectrum (m/e(RA): 322 (34), 193 (100), 187 (37), 159 (37), 128 (26). 

[01 91] Further purification of this material was carried out by recrystallization from dichloromethane/MeOH; The solid 
material recovered in this fashion was then dried on the rotary evaporator. Results: 



BTR: 
PM = 130 
MTR 

PM = 322 
PM = 328 
ATR 



0.7 (area %) 

10.2 

27.6 

48.5 

6.3 

6.4 



c. Synthesis of dimethylsilyl(2-methylthiopentalene)(2-methylindene)zirconium dichloride: 
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[0192] In a 250 mL flask with sidearm and stirring bar was added the dimethylsilyl (2-methylindenyl)(2-methylthio- 
pentalene) ligand (3.1 g, 9.6 mmol) dissolved in THF (70 mL). The temperature was reduced to -30°C and n-butyllithium 
(20 mmol, 8 mL at 2.5 M in hexanes) was added dropwise. The reaction was stirred for 2 h after which time the solvent 
was removed in vacuo and the dianion collected in this fashion was washed with fresh pentane, then dried in vacuo. 
The dianion was taken into the dry-box and 2rCI 4 (2.23 g, 9.6 mmol) was added as a dry powder. The solids were then 
suspended in fresh pentane (70 mL) and stirred for 16 hours. Then the solvents were decanted and then the solids 
were dried in vacuo. The solids were then dissolved in dichloromethane and filtered. The dichloromethane was then 
removed in vacuo and the solids were washed with fresh pentane. The solids were again dried in vacuo, then dissolved 
in toluene and filtered. The toluene was removed in vacuo and 1 .6 g of a dark brown free flowing solid was recovered. 



EXAMPLE 16 
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Propylene polymerization with dimethylsilyl(2-methylthiopentalene)(2-methylindene)zirconium dichloride 

[0193] In a 250 mL glass reactor was placed toluene (100mL), catalyst (40 mg), and MAO (8 mL, 10 wt% in toluene). 
The reactor was sealed, then purged with propylene before raising the pressure to 4 bar. The polymerization reaction 
was controlled at 60°C for 1 h. The reactor was then purged with nitrogen, and an acidic methanol solution was used 
to quench the reactor contents. The organic layer was collected, washed with water, then dried in vacuo. Yield: 38 g 
white non-sticky free flowing polymer. 

[0194] In a 250 mL glass reactor was placed toluene (1 00 mL), catalyst (5 mg), and 5 mL MAO (10 wt% in toluene). 
The reactor was sealed, then purged with propylene before raising the pressure to 4 bar. The polymerization reaction 
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.TnT„,h 1 ♦ 1 h - The reaCt ° r WaS th6n pUrged with nitrogen ' and an acidic ™thanol solution was used 
to quench the reactor contents. The organic layer was collected, washed with water, then dried in vacuo. Yield- 13 g 
white non-sticky free flowing polymer: %m = 84.6, M n = 1132 (by NMR end group analysis). ' 

EXAMPLE 17 

Preparation of dimethylsilyl(2-methylthiopentalenyl)(1 -phenyl -2,5-dimethyl-1-azapentylenyl)zirconium dichloride 

a. Preparation of thio(c)penta-4-methyl-5-dimethylsilylchloride 

mmr?fi ""LT" T With Sid6arm ' 8nd 25 mL dr0p P ing funnel was P lace * 618 9 (45.4 

T^uLl ^« n P TT" e (2 MeTp) diSSOlVSd 30 mL dieth y |et ^r. The temperature of the solution was 

*;,^ 8C ( and f° mmo1 "-butyllithium was added (20 mL, 2.5 M solution in hexane). The solution was warmed 
nrm^i th P l i re ' Stlr u red an additional 2 h. A yellow solid precipitate (anion, lithium salt of the 2-MeTp) was 

dissolved ^TSilSh t0 " 78 °°' A S0 ' Uti ° n C ° ntaining 1 1 7 9 (91 mmol > dimethyldlch.orosl.ane 

dissolved ,n 20 mL d.ethylether was added dropwise to the stirred reaction mixture. The flask and contents were allowed 

I!!? r °° m tem P era,ure and stirred an additional 18 h. The crude reaction mixture was then filtered and the 
7.2 (d,1H), 7.1 (d, 1H), 6.7 (m, 1H), 3.6 (s,1H) 2.3 (S,3H), 0.4 (s, 3H), 0.3 (s, 3H). 

b. Preparation of dimethylsilyl(2-methylthiopentalene)(1-phenyl-2,5-dimethyl-1 -azapentalene) 

S^henvl z^TITLT"* b0t T f ' aS , k With Sidearm and Stirbar W3S added 1 86 9 < 6 ' 4 mmol > ° f the lithi "™ salt of 
"2 „ , « / ?S "f Pe a Sne (prevlous| y P^pared), dissolved in 30 mL diethylether. A solution containing 
1 .46 g ( 6.4 mmol) th,o(c)penta-4-methyl-5-dimethylsilylchloride dissolved in 30 mL diethyl ether was slowly added at 

ZZnTT rS and , Stirred an ad , diti ° na ' 48 ThS reaCti ° n WaS th6n ^ UenChed with a solutio " '«ng 10% 
vacuo S 6 l?T'f TZ BS C , Ct f ' dri6d ° Ver ma9nesium sulfate - f '«ered, then the solvents were removed in 
7 o rd ' Ih R Q °?J Tl e r ° Wn °" : H " NMR CD2C ' 2 (maj0r iSOmer): s PP m: 7 5 < m - 5H >. 7 2 8 (d- 1 H), 7.1 (d, 1 H), 
70(d,1H),6.9(m,1H),5.9-6.3(m,1H),3.0-3.3(3s > 4H),2.1-2.3(m,6H),1.5(s),0.2(m,6H). 

c. Preparation of dimethylsilyl(2-methylthiopentalenyl)(1 -phenyl -2,5-dimethyl-1-azapentylenyl)zirconium dichloride 

[01 97] In a 250 mL round bottom flask with sidearm and stirbar was added 2.8g (7 mmol) dimethvlsilvl<2-methvlthi- 
openta,ene)(1-phen y ,-2,5-dimethyl-1-aza P entalene) ligand (prepared above) dissolved in 50 mL Sy ethef Dmp- 
w.se n-butyllrthium was added (14 mmol, 6 mL of a 2.5 M solution in hexane), and the crude reaJonS^ 
st.rred an additiona. 2 h at room temperature. The solvent was then removed in vacuo and the remaining soTds were 
washed w^h pentane. Z.rconium tetrachloride (1.63 g, 7 mmol) was added as a solid, then the solids mixture was 
nZTtt mL ' resn P entane - The contents o»the reaction flask was stirred overnight. The solvents were evap- 
1m in Sol f s 1 c ^f c,ed m th,s fasnion ™* suspended in toluene, filtered, and the toluene removed in vacuo to 
yield 660 mg of a light brown free flowing solid (mixture of isomers, rac/meso). 

EXAMPLE 18 

S U m P dSrWe P0 ' y ^ ri2ati0n dimethylsilyl(2 - metn y |thio P enta -y')(1 -Pnenyl-2,5-dimethyl-1 -azapentylene-yl) 
[01 99] In a 250 mL glass reactor was placed 1 00 mL toluene, 5 mg catalyst, and 5 mL MAO (1 0%). The reactor was 
H?S?r < W propylene before raisi "9 the pressure to 4 bar. The polymerization reaction was controlled 

at 50 C for 1 h. The reader was then purged with nitrogen, and an acidic methanol solution was used to quench the 
reactor contents. The organic layer was collected, washed with water, then dried in vacuo. Result: 22.8 g polymer. 

Claims 

1. A metallocene of formula (I): 

YjRVjjMeQ.P, (|) 
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wherein: 

R" is a divalent bridge between the Y and Z groups; 

Z is a coordinating group having the same meaning as Y or is an open pentadienyl containing group, a cy- 
clopentadienyl containing group, a heterocyclic cyclopentadienyl containing group, a nitrogen containing 
group, a phosphorous containing group, a sulfur containing group or an oxygen containing radical represented 
by the formula (UR 7 kkk ), where U is oxygen and where R 7 is hydrogen, a linear or branched C r C 20 hydrocarbon 
radical, a linear or branched ^-C^ halocarbon radical, a linear or branched Cj-C^ hydrohalocarbon radical, 
a linear or branched CyC 2 o alkoxy radical, a C 3 -C 12 cyclohydrocarbon radical, a C 3 -C 12 cyclohydrohalocarbon 
radical, a C 6 -C 20 aryl radical, a C 7 -C 20 alkylaryl radical, a C 7 -C 2 q arylalkyl radical, a silicon hydrocarbon radical, 
a germanium hydrocarbon radical, a phosphorous hydrocarbon radical, a nitrogen hydrocarbon radical, a bo- 
ron hydrocarbon radical, an aluminum hydrocarbon radical or a halogen atom and kkk in an integer having a 
value of 0 or 2; 

Me is an element belonging to Group 3, 4, 5, 6 or to the lanthanide or actinide series of the Periodic Table of 
the Elements; 

Q is a linear or branched, saturated or unsaturated alkyl radical, aryl radical, alkylaryl radical, arylalkyl radical 
or an halogen atom; 

P is a stable non-coordinating or pseudo non- coordinating counterion; 

i is an integer having a value of 0 or 1 ; 

j is an integer having a value from 1 to 3; 

jj is an integer having a value from 0 to 2; 

k is an integer having a value from 1 to 3; 

I is an integer having a value from 0 to 2; and 

Y is a group represented by the formulae: 
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(hh) 



wherein: 

the X atoms, the same or different from each other, can be N, P, NR9, PR9, O or S; when a fused ring has two 
heteroatoms, then one X can be O or S and the other X can be N, P, NR9 or PR9, or one can be N or P and the 
other can be NR9 or PR9, so that the molecular species represents a chemically viable group; 
wherein R9 is a linear or branched C-,-C 20 hydrocarbon radical, optionally substituted with one or more halogen, 
hydroxy, alkoxy group, a C 3 -C 12 cyclohydrocarbon radical, a C 3 -C 12 cyclohydrohalocarbon radical, optionally sub- 
stituted with one or more halogen, Cg-C^ aryl radical, C 7 -C 20 alkylaryl radical, C 7 -C 20 arylalkyl radical, a silicon 
hydrocarbon radical, a germanium hydrocarbon radical, a phosphorous hydrocarbon radical, a nitrogen hydrocar- 
bon radical, a boron hydrocarbon radical, an aluminum hydrocarbon radical or a halogen atom; 
the R groups, same or different from each other, can be hydrogen, a linear or branched Cj-C^ hydrocarbon radical, 
optionally substituted with one or more halogen, hydroxy, alkoxy, a C 3 -C 12 cyclohydrohalocarbon radical, optionally 
substituted with one or more halogen, an C 6 -C 20 aryl radical, an C r C 20 alkylaryl radical, an C 7 -C 2 q arylalkyl radical, 
a silicon hydrocarbon radical, a germanium hydrocarbon radical, a phosphorous hydrocarbon radical, a nitrogen 
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ES^* 0 " radiCal '. a b0r ° n hydrocart>on radica| . an aluminum hydrocarbon radical or a halogen atom two ad- 
jacent R groups can form together a saturated, unsaturated, or aromatic fused ring- 

moIIaS ,nte96rS WhiCh Va ' UeS ,r ° m ° t0 maXimUm nUmb6r ° f substituents »«* ring can accom- 

^olt^!?^ Th P SU " StitUents res P e ^. same or different from each other, can be hydrogen, a 
nnearorbranchedC^C^ hydrocarbon radical, optionally substituted with one or more halogen, hydroxy or alkoxy 
a C3-C 12 cyclohydrocarbon radical, optionally substituted with one or more halogens, an C 6 -C 20 aryf radical an 
Si 20 h ^ rad L Ca '' 8n CrC20 ary ' alkyl radical ' a si,icon hydrocarbon radical a germanium^yd^rbo^rad" 
S^SS^ Vd Tf bM radiCa '' 8 nitr ° 9en hydr ° Carb0n 8 b0r ° n h * drocart >° n -dS ^rminum 

or aromabc fused nng; and R> ,s hydrogen, halogen, linear or branched, saturated or unsaturated C-C^-Xl' 
con b2 ^^o-f^^l^-C^-aryia.ky. C r C 20 acyloxy, group, optionally co'maln^ a sit 
con atom, or R° is a bndging divalent group R" as defined above. 

!. The metallocene according to claim 1 , wherein Z is: 

a cyclopentadienyl or substituted cyclopentadienyl radical of formula (C 5 R> m ), wherein the groups R> same or 

sited wZnT \ Ca , n bS hydr ° 9en ' 8 Hnear " branCh6d C ^ 2 ° Carbon -d teal, o'ptio a^ sub- 
tld with Inp o T , 8 ° 9en ' hydr ° Xy ' a ' k0Xy ' 8 C3 ' C12 ^.ohydrohalocarbon radical, optiona.ty substi- 
tuted with one or more halogen, an C 6 -C 20 aryl radical, an C 7 -C 20 alkylaryl radical, an C 7 -C 20 arylal ky I radical 
ae'n Tt' * hydrocarbon radical, a phosphorous hydrocarbon ra2 a n ro- 

Z T r, , o. Ca '' 8 b0r ° n hydrocarbon radical > a " a '^inum hydrocarbon radical or a halogen atom 
and two adjacent R- groups can be joined together to form a C 4 -C 6 ring; iii is an integer having a value f rom 

ohonT^m * ° S o6 0rUS Con,ainin 9 radical - presented by the formula (JRS^) where J is nitrogen or phos- 
T' 8 ' T °: different fr ° m 6aCh ° th6r ' are a linear or bra "'hed c'-C 20 

cafbon r2l? 7 " f " branCh6d Cl - C » ha 'ocarbon radical, a linear or branched Cl -C 20 hydrohalo 
TkIITI* , ° r Cl - C20 a ' k0Xy radiCal ' 3 C 3-°1 2 cyclohydrocarbon radical C 3 -C 12 cy- 

clohydrohalocartjon radical, a C 6 -C 20 aryl radical, a C 7 -C 20 alkylaryl radical, a C 7 -C 20 arylalkyl radical a s Hcon 

Toc^ZZi: ^ 9e r; iUm hydr ° Carb0n radiCal > 8 Phosphorous hydrocam°on TadE,, a nttrog hy 

ISXZtt^ftZT radica1, an a,uminum hydrocarbon radical or a hal09en atom * is an 

an^wh^r^lToTH? 9 repr r nted by the for ™' a < UR7 ^). where U is oxygen or sulfur atom 

and where R7 same or different from each other, are hydrogen, a linear or branched C.-C™ hydrocarbon 
rad,ca., a linear or branched haiocarbon radical, a linear or branched C, -C 20 hydrSaiocanoo radica 

T^Lnff^r 'I'' 08 ' ! C7 " C2 ° alky ' aryl radiCal ' 8 °r C *> ar y ,alk y' radica, 1 a silicon hydrocarbon radical 
ren h7dT a *o y °H a ? n radlCal ' 8 phOS P horous hydrocarbon radical, a nitrogen hydrocarbon radical, a bo- 
va^e of o or 2 ^ hydr ° Ca,t,0n radica ' ° r a halo 9 en atom : and kkk * a " ^eger having a 

The metallocene according to claim 1 wherein Z has the same meaning of Y as described in claim 1 . 

The metallocene according to anyone of claims 1 -3 wherein the bridging group R" is a linear or branched C C 
S r Ca, 'H a ^ dialkV ' m6,hyl radiCal ' 8 C3 " C - ^lohydroc 9 aZ radical, an X J SSl^SZ 
fa ri 08 ' 3 K ,yl radiCa '' 8 Si ' iCOn hyd^arbon radical, dihydrocarbon silenyl radica,, a geranium 
hydrocarbyl radical a phosphorous hydrocarbon radical, a nitrogen hydrocarbon radical a boron hvWocarZ 
radical and an aluminum hydrocarbon radical. nyorocaroon 

The metallocene according to claim 4 wherein the bridging group R" is R 2 C, R 2 Si, R 4 Et, R 6 Pr where R can be 
^-carbon, cyclic hydrocarbon, cyc.ic or linear hydrocarbon bearing another organomefalic ctaU or 

The metallocene according to claim 5 wherein the bridging group R" is isopropylidene or dimethylsilenyl radical. 

The metallocene according to anyone of claims 1 -5, wherein to Q is a linear or branched C.-Cn alkvl radical an 
aryl radical, an alkylaryl radical, an arylalkyl radical, F, CI, Br or I. 1 ^° ^ ' 
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8. The metaliocene according to anyone of claims 1 -7 wherein i is 0. 

9. The metaliocene according to anyone of claims 1-7 wherein i is 1 . 

10. A catalytic system for the polymerization of addition polymerizable monomers, comprising a metallocenes accord- 
ing to anyone of claims 1-9 is used in association with a co-catalyst. 

1 1 . The catalytic system according to claim 1 0 wherein the cocatalyst is trialkylaluminum, trialkyloxyaluminum, dialky- 
laluminum halide, alkylaluminum dihalide or alumoxane. 

12. A cationic metallocenes obtainable by reacting the neutral metaliocene of anyone of claims 1-9 with triphenyl- 
carbenium borpnates or B(PhF 5 ) 3 . 

13. A heterogeneous catalytic system obtainable by depositing the catalyst containing a metaliocene of anyone of 
is claims 1-9 on a support. 
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